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FRONT COVER:

A hydrogen plasma discharge in the rotating magnetic field ex-
periment (Rotamak). This experiment is part of the Commis-
sion's fusion research program, at Lucas Heights and
represents a plasma confinement concept being developed in
the Applied Physics Division.

(Photography by AAEC Photographic Laboratory)
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1
INTRODUCTION

ENABLING LEGISLATION

The Australian Atomic Energy Commission was established as a statutory
authority under the Atomic Energy Act 1953. For the past two years, the question of
repeal and replacement of the Atomic Energy Act with more suitable and up-to-date
legislation has been under study by government. This action has been prompted, in
particular, by the need for adequate legislation to support Australia's obligations as
a party to the Nuclear Non-Proliferation Treaty and the Safeguards Agreement with
the International Atomic Energy Agency under that Treaty. The Commission has
observer status on the Inter-Departmental Committee undertaking this review.

MINISTERIAL ARRANGEMENTS

Under the Administrative Arrangements Order promulgated on 11 March 1983,
the Atomic Energy Act 1953 is administered by the Minister for Resources and
Energy.

Prior to March 1983, the Atomic Energy Act was administered by the Minister
for National Development and Energy with the exception of Sections 41, 41A, 41B
and 41C, together with certain matters related to Sections 19, 29 and 38 of the Act,
which were administered by the Minister for Trade and Resources.

FUNCTIONS AND POWERS OF THE COMMISSION

The functions of the Commission are prescribed in Section 17(1) of the Atomic
Energy Act 1953 (see Appendix G). Broadly, pending review of the Act, the func-
tions embrace development of uranium resources, operation of reactors, research in
connection with uranium and atomic energy, sale of radioisotopes, training in
nuclear science, and publication of research work.



Section 18(1) of the Act empowers the Commission to do all things that are
necessary or convenient to be done for or in connection with the performance of the
above functions.

MEMBERSHIP OF THE COMMISSION
The Atomic Energy Act provides for a Commission consisting of a Chairman, a

Deputy Chairman and not more than three other members.
Merhbers of the Commission at 30 June 1983 were —
Professor M. H. Brennan, Chairman

Appointed from 27 May 1983 for three years, having previously been a
Member of the Commission since 12 January 1982. Professor Brennan is
Professor of Physics (Plasma Physics) at the University of Sydney.

Mr A. J. Woods, Deputy Chairman
Appointed from 11 April 1978 for seven years. Mr Woods is Secretary,
Department of Resources and Energy.

Dr J. G. Morris, Member
Appointed from 31 May 1983 for three years. Dr Morris is Director,
Department of Nuclear Medicine, Royal Prince Alfred Hospital, Sydney.

Dr D. G. Walker, Member
Appointed from 26 May 1983 un t i l 1 December 1986. Dr Walker is the
Director, Research Establishment, and Chief Executive Officer of the
Australian Atomic Energy Commission.

Professor D. W. George, A.O., completed his seven-year term of office as
Chairman on 26 May 1983. The Commission wishes to record its sincere apprecia-
tion of the valuable personal contribution made by Professor George and its .hanks
for his dedicated leadership given over the past seven years.

Sir Bernard Callinan, C.B.E., D.S.O., M.C., completed his current term as a
Member on 30 May 1983. The Commission acknowledges its indebtedness to Sir
Bernard for the contribution made by him during his seven years as a Member of the
Commission.

STAFF OF THE COMMISSION

All staff of the Commission are employed under the provisions of the Atomic
Energy Act 1953.

At 30 June 1983, the numbers of staff employed were —
Actual
staff Approved

numbers ceiling

Full-time operative staff 1020 951
Apprentices 39 40
Part-time staff 50 49

1109 1040
Staff on extended leave, etc U

1120

For all of 1982-83, Commission employment has been well in excess of the 30
June 1983 approved ceiling of 951 for permanent full-time operative staff, and the
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Commission has been unable to reduce its staff numbers. Moreover, the Com-
mission considers that further staff reductions would bring into question the con-
tinued ability of the AAEC to meet its endorsed program.

A substantial part of the over-ceiling problem stems from the 1981 government
decision to transfer staff and other resources from the Commission to the Com-
monwealth Scientific and Industrial Research Organization (CSIRO) and to co-
locate CSIRO's new Institute of Energy and Earth Resources with the AAEC at
Lucas Heights. At the time of that decision it was envisaged that about 25 per cent of
Commission staff resources should be devoted to CSIRO activity — this to be
accomplished partly by direct transfers and partly by Commission staff providing
man-years of support services to CSIRO. In the event, only 117 of a proposed 163
staff members were both prepared to transfer and were acceptable to CSIRO (a
shortfall of 46). This has resulted in staff ceiling cover being transferred to CSIRO
while occupants of the positions have remained with the Commission.

Under co-location arrangements agreed between the Commission and the
CSIRO, the Commission staff numbers recorded earlier include a notional 80 man-
years of effort for direct support of CSIRO research and a further 90 man-years
contribution to common site services at Lucas Heights. A number of operational
issues remain to be resolved between the two organisations in respect of these staff-
ing components.

A list of the senior executive staff of the Commission is at Appendix A.

FORMER COMMISSION OFFICER HONOURED

The former General Manager of the Commission, Mr K. F. Alder, was
honoured with the award of the Order of Australia (AM) for public service in June
1983. Mr Alder, who retired in January 1982, also served as an AAEC Commis-
sioner from 1968-75 and from 1976-82.

SAFETY REVIEW COMMITTEE

Section 20 of the Atomic Energy Act empowers the Commission to appoint
such Advisory Committees as it considers necessary for the efficient performance of
its functions. Under the provisions of this Section, the Commission established a
Safety Review Committee in 1961-62 to review periodically the health and safety
standards and procedures adopted by the Commission in the1 operation of its reac-
tors and in the use of radiation, radioactive substances and toxic materials at the
Lucas Heights Research Laboratories.

Current membership of this Committee is as follows:
D. J. Stevens, O.B.E., B.Sc., F.R.A.C.R.(Hon.), Hon.F.I.R. (Chairman)
Dr P. L. T. Ilbery, M.D., B.S., F.R.A.C.R., F.R.A.C.P., D.M.R.T.
Dr J. D. Harley, M.D., F.R.A.C.P.
W. G. Webster, B.Sc., F.R.A.C.I.

During 1982-83, the Committee continued its program of three-day meetings
held at intervals of about six months. Meetings were held on 6-8 October 1982 and
27-29 April 1983 at Lucas Heights.
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COMMISSION ACTIVITIES AND PROGRAM

A main objective of the Commission's program is to maintain the AAEC
Research Establishment at Lucas Heights as a first-class nuclear science and
technology organisation, pursuing specific research objectives in areas of national
priority. Since the Research Establishment is Australia's only national nuclear
laboratory, the program must maintain a broad range of nuclear competence, pro-
vide specialised facilities and services to the community (e.g. radioisotopes, neutron
beams and other facilities for university research) and be able to give technical ad-
vice to government and, where appropriate, to private industry, on all matters
within the Commission's mandate. The Regulatory Bureau, housed separately at the
Commission's Mascot office, is responsible to the Commission through the Chair-
man for regulation of specified Commission activities and for involvements in
regulatory activities of national and international organisations.

At June 1983, 31 per cent of the Commission staff effort was devoted to
research and development. The distribution of effort in research and other activities
is shown in Figure 1.

The main themes of the research and development program at Lucas Heights
are to promote the beneficial applications of nuclear techniques; to contribute to the
safe, efficient, peaceful uses of nuclear energy through fusion research, safeguards-
related work and the development of the SYNROC high-level waste concept; to ob-
tain maximum understanding of the potential environmental and health problems
associated with nuclear activities such as uranium mining and milling; and to
develop the applications of radioisotopes and radiation, particularly in the field of
nuclear medicine. The program is divided into five research fields, and a service field
which provides specialised scientific support to the Research Establishment. The five
research fields are as follows:

NUCLEAR TECHNOLOGY
The main emphasis is on fusion research. The Commission collaborates with

and complements the work of Australian university groups that have established an
international reputation in fusion physics. In the more engineering aspects such as
fusion blanket technology and constructional materials, the Commission is using its
expertise to contribute to world knowledge. A small effort on fission provides a base
level of research and development support for the operation and safety assessment
of the Commission's reactors and a capability to provide informed advice to govern-
ment.

NUCLEAR FUEL CYCLE
Work on uranium enrichment is being scaled down. In waste disposal work, the

aim is to develop and demonstrate the SYNROC concept for the immobilisation of
high-level nuclear waste. A non-radioactive SYNROC pilot plant is being designed
and constructed as a collaborative project with the Australian National University
and with direct government funding. Other SYNROC work, funded partly by the
National Energy Research Development and Demonstration Program, includes
leach testing, radiation damage studies and the construction of two laboratory-scale
fabrication lines to produce radioactive SYNROC samples. Finally, some work is
designed to reduce further the potential hazard from radioactive wastes resulting
from isotope production and to improve Australian uranium ore processing opera-
tions so as to lessen their environmental impact.
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APPROXIMATE DISTRIBUTION
OF AAEC STAFF EFFORT
AS AT 30 JUNE 1983
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3 URANIUM ENVIRONMENTAL STUDIES
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ENVIRONMENTAL SERVICES
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Figure 1. Distribution of staff effort as at 30 June 1983.
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HEALTH AND ENVIRONMENTAL SCIENCE

The largest environmental science project is a study of the effects of uranium
mining to minimise any degradation in a cost-effective manner. A related project
examines key aspects of biological response to low levels of radiation. Work on
isotope hydrology is aimed at studying the age and movement of water, particularly
underground resources. In a number of projects there is considerable collaboration
with the Bureau of Mineral Resources, Geology and Geophysics, State authorities,
Office of the Supervising Scientist and the United States Nuclear Regulatory Com-
mission.

APPLICATIONS OF RADIOISOTOPES AND RADIATION

The Commission is Australia's only producer of radioisotopes and radiophar-
maceuticals and must maximise the benefit of this operation for the Australian com-
munity. One project concentrates on the synthesis of new radiopharmaceuticals,
develops novel methods of manufacture and provides qual i ty control for the main
production unit . A related project uses the Commission's special facilities to
examine the microbiological aspects of radiation processing for food preservation
and sterilisation of medical products. A third project uses radioisotopes and radia-
tion for short-term problem solving — usually as consulting work in such areas as
termite tracing, sediment movement and dredging studies. The final project includes
basic work on radiation detection and measurement and provision of nuclear
measurement and radiation standards information to other organisations.

NUCLEAR SCIENCE

The nuclear physics segment of this field involves basic research on neutron
reaction processes and neutron data measurement. Other physics projects include
the use of ion beam techniques for dating and analysis of samples, and neutron dif-
fraction studies using neutron beams. Much of the work in neutron scattering is
done in collaboration with universities through the Australian Insti tute of Nuclear
Science and Engineering and ensures that the unique nuclear facilities at Lucas
Heights are made available to the Australian scientific community. The Commission
is also supporting fundamental studies in materials science that are relevant to the
whole nuclear industry.

THE YEAR IN BRIEF

The ensuing chapters describe the Commission's activities in detail but the
following summary highlights some achievements in the year of review.
• Following transfer of the Commission's Head Office to Lucas Heights, the
management organisation was reviewed to coordinate related aspects. Dr D. G.
Walker was appointed Chief Executive Officer of the Commission and Director,
Research Establishment on 2 December 1982. Mr W. H. Ratcliff was appointed
Secretary to the Commission, and Manager, Administration on 11 November 1982.
The position of Deputy Director was created on 17 June 1983 and Dr R. Smith was
appointed to the post. Dr P. M. Kelly was appointed Deputy Director, Research on
5 May 1983. A major review of administrative services commenced in June 1983.
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• The functionally independent Regulatory Bureau issued a formal authorisation of
the operation of the reactor HIFAR.
• Following completion of an emergency core cooling system and upgrading of the
steel-shell containment system, the Commission advised the Minister for Resources
and Energy on 12 May 1983 that continued operation of HIFAR requires no restric-
tions on the use of land outside the 1.6 kilometre radius zone.
• The reactors contir ^4 to be operated safely and without detriment to the environ-
ment. HIFAR has entered its 26th year of operation. Through the Australian
Institute of Nuclear Science and Engineering, the nuclear facilities were made
available for university research work.
• Research and development on the Australian-invented SYNROC concept for the
immobilisation of high-level waste has been increased. This includes laboratory ex-
periments on SYNROC containing radioactive elements as well as the design and
construction of an inactive pilot plant, funded by a Government allocation of $2.754
million over 3 years, to demonstrate large-scale fabrication of SYNROC.
• Commission staff had a prominent role in Australian fusion research conducted at
several universities which have established an international reputation in selected
areas of fusion physics. A Rotamak for plasma-confinement experiments using
radiofrequency fields was brought into operation at Lucas Heights.
• The Commission invention of an accurate instrument for monitoring uranium
enrichment plants, the gas-phase monitor, has made a significant contribution to the
International Atomic Energy Agency's safeguards program.
• Commission scientists using an electronic technique called Deep-Level Transient
Spectroscopy made significant research progress in examining defects in semi-
conductors, including radiation detectors.
• A new marketable computer software product, a relational database called ADD,
has 60 trial users and has attracted wide interest. Co-location of CSIRO wi th the
AAEC at Lucas Heights has resulted in a project to l ink the computer networks of
the two organisations, greatly increasing the computing power available to research
workers throughout Australia.
0 The use of Caro's acid, promoted by the Commission as a more environmentally
preferable and economic oxidant than pyrolusite in uranium processing (see 30th
Annual Report 1981-82), has been accepted commercially and adopted for the
Nabarlek treatment plant in the Northern Territory.
• The research on freshwater organisms has shown that mussels may be a sensitive
biological indicator of uranium contamination in streams.
• The main factors controlling the rate of production of pollutants in pyritic mine
wastes have been established. A successful model of one factor predicts effects that
agree with field results and can be used to assess schemes to reduce the environ-
mental impact of such wastes.
• Radioisotopes for use in nuclear medicine, industry and research, valued at $2.05
million, were produced, dispensed and delivered throughout the continent. Exports
included two large cobalt 60 teletherapy sources to New Zealand.
• The Commission supplied about 35 per cent of the Australian market for
radiopharmaceuticals.
• The feasibility of the zirconium molybdate gel generator as a source of technetium
for medical diagnosis was proved.
0 Radiation treatment of food is coming much closer to general application.
Research at Lucas Heights has proved the efficacy of radiation treatment to save
beehives, infected with Bacillus larvae, which would normally have to be burnt.
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• Through studies of the movement of natural radioisotopes through rocks
surrounding Australian uranium deposits, the Commission is investigating how rock
structures can limit the migration of buried highly radioactive wastes.
• By means of radioisotope tracer experiments it has been shown that the behaviour
of vvastewater ponds that discharge treated sewage to inland streams does not follow
the simple models assumed by designers and operators.
• In nuclear technology experiments, improved understanding was obtained of the
onset of critical heat flux conditions. This is relevant to many processes where boil-
ing heat transfer at high heat fluxes is important.
• In nuclear safety research, the Commission contributed to international studies to
improve prediction of the pressure and temperature transients likely to occur in the
containment buildings of pressurised water reactors following loss of coolant
accidents. A Lucas Heights experiment became a standard problem analysed by
eight countries and Commission research staff compared and reported on the
results.
• The Commission's long-term program of uranium enrichment using centrifuge
technology has demonstrated Australia's ability to design, build and operate enrich-
ment cascades. The program is now being phased down.
• The Commission's investment in Mary Kathleen Uranium Ltd, on behalf of the
Commonwealth Government, yielded income to consolidated revenue of
$4,614,621.
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2
RESEARCH

NUCLEAR TECHNOLOGY

The main emphasis in the field of nuclear technology during the period under
review was on fusion research. However, a small project on fission was included to
provide a base level of research and development support for the operation and
safety assessment of the Commission's nuclear reactors and to maintain awareness
of nuclear energy developments overseas.

Nuclear fusion is generally regarded as having outstanding potential as a long-
term energy source and is being studied overseas in a number of projects. Although
Australia is not in a position to mount major projects of the scale undertaken
overseas, Australian university groups have established an international reputation
in selected areas of fusion physics. The Commission's program is designed to allow
collaboration with these university groups and to complement their work.

In other technological aspects of fusion such as blanket neutronics and con-
structional materials science, overseas work is still on a relatively small scale and the
Commission's activities are potentially able to contr ibute to the development of
international programs.

FUSION PHYSICS

Research into the physics of plasmas continued dur ing the past year in col-
laborative programs with universi ty groups. Commission s ta f f , who had been
seconded to the universities previously, returned to Lucas Heights and the AAEC
contr ibut ion to the programs is now carried out predominantly at the Commission's
Research Establishment.

Under a program with the University of Sydney, means of increasing the
temperatures in plasmas utilising radiofrequency energy sources are being studied.
The experiments involve the use of wave-launching antennas within the vacuum
vessel of the University of Sydney tokamak, TORTUS. The antennas excite waves
with frequencies such that their energy is readily dissipated in the plasma, producing
heating effects. The main contribution by the Commission is in the form of
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theoretical support. A comprehensive computer model has been developed which
permits analysis of the many possible wave modes and the coupling efficiency of
proposed antenna designs.

The developing experimental program based at Lucas Heights represents a con-
tinuation of research on a compact torus device, the Rotamak, developed at the
Flinders University of South Australia, and which was the major research topic of
several Commission staff seconded there unti l early 1983. The basis of the Rotamak
operation is the generation of a compact torus configuration by the use of rotating
radiofrequency fields. The rotating fields drive large ring currents in the plasma
which in turn produce confining magnetic fields.

Commission staff played a prominent role in studies of high power (12 MW),
short duration (80 j^s), and lower power (6 kW) but long duration (10 ms) Rotamak
configurations at Flinders University. The results of this research were presented at
recent fusion conferences. Laboratory facilities were established in 1983 for an ex-
perimental program at Lucas Heights and preliminary, stable Rotamak discharges
were achieved (see Front Cover).

FUSION TECHNOLOGY

NEUTRONIC PERFORMANCE OF FUSION REACTORS

The essential principles of the Commission's developing research program on
the neutronic performance requirements of fusion power reactorc were outlined in
the AAEC Annual Report for 1981-82. During the past year this program has
gathered momentum and a considerable amount of preparative work has been per-
formed.

Existing laboratory facilities have been modified to suit the new program,
available nuclear apparatus refurbished, special materials prepared, additional
nucleonic measurement and data processing equipment specified and acquired, and
the relevant calibration and data acquisition programming operations begun.

Representative allied experiments performed in overseas laboratories were
reanalysed and intercompared using the US codes ANISN and MORSE and a
modified version of AUS, the Australian assemblage of codes used for fission
reactor analysis. The AUS code was extended to include the high-energy nuclear
data appropriate to fusion-produced neutron reactions (^14 MeV), and modified to
incorporate gamma-ray processes and to account for the local heat production due
to all nuclear reactions. The modified code has been applied to selected aspects of
the analysis of the American STARFIRE fusion power reactor and the 1NTOR
fusion reactor-experiment concepts and results compared with published analyses.
Both areas of analysis revealed, as expected, many regions of uncertainty both as
regards basic nuclear data and analytical model application. The combined
analytical and experimental research program is contnbuting to the international
effort on fusion reactor technology.

Interaction with numerous fusion laboratories overseas has been achieved
through correspondence, conferences and visits. Advice and information provided
by these laboratories have greatly assisted in the development of the Commission's
research program.
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FUSION MATERIALS

A research program is under way to study the behaviour and performance of
candidate first-wall and other structural materials for fusion reactors. The re-
quirements for these materials are a high resistance to creep, fatigue, neutron swell-
ing, corrosion (by the breeding material) and surface erosion phenomena such as
blistering, sputtering and gas desorption.

The initial phase involves investigation of the effects of creep and fatigue stress-
ing on two austenitic stainless steels and a number of refractory metals, and the ef-
fects of radiation damage on a two-phase titanium-aluminium-vanadium (Ti-6Al-
4V) alloy. The fatigue and creep strengths and radiation damage behaviour are im-
portant for materials in the reactor environment because of the pulsed operation of
the reactor, the high temperatures produced, enhanced diffusion effects and the pro-
duction of helium under irradiation. The initial results of sequential fatigue-creep
tests on the stainless steels have shown that elevated-temperature fatigue and hold
times (up to 1000 hours) significantly reduce the creep strength of the steels. Part of
this weakening is due to carbide precipitation which may not be wholly detrimental
as the precipitates tend to trap and immobilise helium atoms produced under ir-
radiation within the matrix. This tends to reduce the bubble formation at grain
boundaries which can cause severe embrittlement. Similar fatigue and creep studies
are in progress on refractory metals (tantalum, niobium and molybdenum).

The initial work on radiation damage effects has centred on a two-phase
Ti-6Al-4V alloy. This alloy is of interest because hexagonal metals such as titanium
and zirconium exhibit a high resistance to radiation-induced growth. Suitable heat-
treatment conditions were established and methods for specimen production for
electron microscopy investigated.

FISSION REACTOR TECHNOLOGY

NEUTRONICS CALCULATIONS

Neutronics calculations at Lucas Heights use the AUS modular code scheme,
developed by the Commission over a period of years, for analysis of fission reactor
cores. A feature of the scheme is that it can be used for analysis of all reactor types,
research or power, fast or thermal — the latter with any type of moderator.

The modules of AUS are computer programs which carry out particular
neutronics calculations and can pass data and results to one another. Appropriate
modules can be combined in a flexible way by the AUS scheme to undertake a broad
spectrum of complex analyses. The modules, also developed locally, are reviewed
continuously, modified and augmented to improve the efficiency, flexibility and
scope of application of the AUS scheme. Some standard overseas programs are also
used in conjunction with AUS, particularly in pre-processing the contents of Inter-
national Nuclear Data Files to the forms required for neutronics calculations.

During development, the overall accuracy and performance of AUS were tested
regularly by comparison with suitable integral reactor experiments whose results
were internationally available. In the past few years, further verification has come
from participation in a number of "benchmark" problems selected by expert inter-
national bodies for their importance in practical applications, or their particularly
searching demands on methods of calculation and nuclear data.
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A recent international benchmark problem, sponsored by the International
Atomic Energy Agency in connection with the use of reduced enrichment fuel in a
DIDO class research reactor (similar to the Commission's reactor HIFAR), was
calculated with excellent results using AUS. A recent direct application to HIFAR
itself has been a series of calculations which provided valuable insight into the in-
fluence of fuel loading on the effectiveness of the reactor's control system.

AUS can readily be applied to non-reactor neutronics problems, and has, for
example, been used already for calculations in relation to nuclear techniques of
borehole logging and on-stream analysis of bulk materials, and for improving the in-
terpretation of neutron moisture meter measurements. High confidence can be plac-
ed in AUS results for these and other such applications which can be expected to
arise because, as a single, universal scheme, AUS is, and has been, stringently
verified by comparison with a wide range of precise measured data, essentially
available only from nuclear reactor-related experiments.

REACTOR SAFETY

Historically, very conservative data and assumptions (often physically
unrealistic or impossible) have been used in studies of reactor safety and assessments
of the consequences of reactor accidents. This was particularly the case in the
"maximum credible accident" approach, which tended to assume simultaneous
"worst possible" values of all contributing phenomena, with consequent gross
overestimation of the probable risks.

With accumulating experience of reactor plant reliabili ty and improved and ex-
panded reactor incident-related physical data, a more sophisticated, probabilistic
approach to reactor safety analysis has become possible and has been gaining in-
creasing acceptance over recent years with regulatory authorities world wide.
Properly implemented, this technique can lead to a much more realistic assessment
of the risks associated with operation of a nuclear reactor or any other complex
major plant.

The Commission has maintained small but active programs in reliability
analysis and reactor safety research for many years, and these skills were brought
together recently in a project team whose purpose over the next few years is to
review and reassess HIFAR safety in terms of current criteria and standards, using
the best modern methods and data.

REACTOR CONTAINMENT STUDIES

The Commission has been part icipat ing for some years in a program of Inter-
national Standard Problems on Nuclear Reactor Conta inment , coordinated by the
OECD Nuclear Energy Agency through the Committee on the Safety of Nuclear
Installations (CSN1).

Following a request in 1980 from the CSNI Working Group on Water Reactor
Containment Safety, the Commission agreed to provide results from a proposed ex-
periment on its Slowdown/Containment Rig as Containment Analysis Standard
Problem No. 3 (CASP 3). The experiment was completed in October 1981 and the
experimental data sent in December 1981 to 12 countries for study and analysis.
Eight countries (Australia, France, Italy, Japan, the Netherlands, Spain, the UK
and the USA) participated in the study.
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The results of calculations by the participants were compared in a draft Com-
parison Report prepared by the Commission and presented to a Workshop of the
Working Group, in Paris, in October 1982. The Workshop accepted the draft report
with minor amendments and concluded that the experiment had been very useful in
testing computer codes for different conditions, and particularly for emphasising
the importance of heat transfer under certain conditions. The final Comparison
Report has been issued by CSNI as an official OECD document.

: HEAT TRANSFER IN THE DRYOUT REGION

As part of an underlying research program into heat transfer under dryout con-
ditions, the two critical heat flux (CHF) correlations referred to in the Commission's
Annual Report for 1981-82 were found to be accurate and of general application for
a number of fluids and a wide range of conditions. A theoretical analysis indicated
that hydrodynamic aspects of a boiling flow can be explained if it is assumed that
bubbles on a heating surface act as artificial roughness elements which affect the
velocity profile. Combination of simple physical models of the heat transfer process,
with the hypothesis that bubbles at the wall act as roughness elements, resulted in a
theoretical CHF formulation very similar to the empirical ones. This is regarded as a
significant step in developing an understanding of the onset of the CHF condition.

The hydrodynamic considerations have been extended to develop a novel con-
cept of the boundary of a turbulent flow. This has resulted in a simple accurate
description of the universal velocity profile in single-phase flow.

NUCLEAR FUEL CYCLE

The main topics investigated in this field during the year were uranium enrich-
ment and waste disposal, particularly the SYNROC concept.

The Commission's enrichment projects were aimed originally at ensuring maxi-
mum Australian participation in any scheme for upgrading the product of
Australia's large uranium deposits. The aims and magnitude of the enrichment pro-
gram are currently under review.

Another significant project associated with the nuclear fuel cycle is to develop
and demonstrate the value of the SYNROC concept for the immobilisation and
ultimate disposal of high-level radioactive waste. A non-radioactive SYNROC pilot
plant is being designed and constructed as a joint project in collaboration with Pro-
fessor A. E. Ringwood of the Australian National University, the inventor of
SYNROC.

Research and development on SYNROC represents a significant contribution to
international efforts to develop a satisfactory and publicly acceptable scheme for the
permanent disposal of high-level radioactive waste.

The Commission's waste management research includes work aimed at reduc-
ing the potential hazard from radioactive wastes stored at Lucas Heights and
improving uranium ore processing operations so as to lessen their environmental
impact.
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URANIUM ENRICHMENT

The Commission's long-term program of uranium enrichment using centrifuge
technology continued during the year, but is now being scaled down. The program
has been one of the Commission's main research and development projects since
1969 and has been a most successful high-technology effor t .

During (he past year, detailed design and development work proceeded on a
novel, safeguardable type of cascade and both cascade prototype and advanced
centrifuge un i t s were constructed and tested. An SMP 250 mass spectrometer,
funded by the Nat iona l Energy Research, Development and Demonstration Pro-
gram, was brought in to l u l l operation, complementing exis t ing spectrometers and
bringing the isolopic assay laboratory in to f u l l operation. Balancing machines and a
heat t rea tment furnace, also funded under the N E R D D Program, were com-
missioned.

Work proceeded on carbon fibre rotors at Lucas Heights and wi th in industry,
and a number of rotor types were tested. Carbon fibre rotors will be cheaper, are
lighter, and can probably operate at higher speeds than managing steel rotors —
resulting in improved separation ou tpu t and, under fa i lure conditions, result in less
damage.

The future of the program is being assessed in the light of Government policies
regarding the uranium industry. A substantial reduction in s ta f f ing has already been
made.

ENRICHMENT SCIENCE

INFRA-RED LASER PHOTOCHEMISTRY

With a precisely tuned laser beam, it is possible to exploit the small difference in
resonant frequency between uranyl chelate molecules containing uranium 235 or
uranium 238 to selectively excite the former, leading to selective dissociation and
hence isotopic separation. The ratio of the absorption coefficients for single-photon
absorption by these uranyl chelatcs is near uni ty but , since many photons must be
absorbed before chemical dissociation occurs, this small difference is compounded.
In situ separation factors of about two have been obtained under collision-free con-
ditions in work clone overseas.

Research at Lucas Heights has concentrated on the development of moderately
powered carbon dioxide lasers, a simple molecular beam system and sensitive detec-
tion methods. With an improved detection system, laser-induced dissociation can be
detected with lower beam intensities, thus permi t t ing the use of lower temperatures
(50 °C) for production of the beams. This in tu rn leads to a reduced rate of thermally
induced dissociation, which is not isotopically selective and which masks the laser-
induced dissociation. An //; situ separation factor of 4.3 was obtained in recent
experiments.

MARAGING STEELS

Managing steels combine high toughness wi th very high strength and are in
common use overseas for the construction of centr i fuge rotors. In the solut ion-
trcatcd condit ion, the s t ruc tu re consists of laths of mar tens i tc stacked together to
form blocks and possesses good d u c t i l i t y . Present research is directed tocharaclcris-
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ing this structure and explaining how it is formed from the high-temperature phase.
The future of these programs is under review.

DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTE

SYNROC

SYNROC, an improved waste form for the immobilisation of high-level
radioactive waste from commercial nuclear power reactor fuel, has been under joint
development at the AAEC Research Establishment and the Australian National
University, Canberra, since 1979.

In March 1982, the Commission requested Government funding of $2,754,000
over three years for the construction and operation of a near full-scale, non-
radioactive SYNROC Demonstration Plant at Lucas Heights to demonstrate
SYNROC fabrication technology, and to enable the economics of large-scale
SYNROC fabrication to be determined.

The first year's funding of $1,009,000 was announced on 29 July 1982 by the
then Minister for National Development and Energy. Appropriate commitments
were obtained for the second and third years.

Following national advertisements inviting expressions of interest, a Project
Manager/Consultant was appointed in December 1982 as Consultant for Stage 1 of
the Project. This stage covered preparation cf a capital cost estimate based on a con-
ceptual plant design, together with engineering specifications for the major long-
lead plant items for open tendering by the Commission.

The Stage 1 report was received from the consultants on 9 May 1983. As
directed by the Commission and the AAEC/ANU SYNROC Demonstration Plant
Management Committee, the conceptual plant design takes into account as many as
possible of the constraints which would be involved in the operation of ful ly
radioactive plants, while itself not being designed to the nuclear standards required
for operation with actual high-level radioactive waste.

The plant will be partly automated and highly instrumented, featuring
microprocessor control and video-displays, together with closed-circuit television
monitoring of less accessible parts of the plant. The product will be 30-50 cm in
diameter, 1-2 m long stainless steel canisters containing dense, hot-pressed
SYNROC. The SYNROC will contain 20 per cent by weight of simulated, non-
radioactive waste. The plant is designed to operate continuously for periods of a few
days or weeks at a target output of 20 kg SYNROC per hour. Part of the
consultant 's process flowsheet is shown in Figure 2.

Stage 2 of the project began in June 1983 with the preparation by the Commis-
sion of tender documents for some of the major equipment and a recommendation
for the appointment of Project Manager/Consultants (still to be finalised). The
plant is expected to be assembled during 1984 and commissioned during 1985.

Meanwhile, pre-plant development work on two alternative collapsible bellows
methods of hot-pressing SYNROC was carried out with the objective of the
AAEC/ANU deciding between the two methods by October 1983 so that the Con-
sultant can begin detailed design of this part of the plant.
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STAGE II

INACTIVE AREA

MECHANICAL
AGITATOR

COMPRESSED AIR
PULSE AGITATOR
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IN-CANISTER PRESSING

CANISTER SAMPLE
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Figure 2. Diagram showing process flowsheet of the Australian Atomic Energy Commission/
Australian National University non-radioactive SYNROC demonstration plant, io be bit Hi a I

Lucas Heights.
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leach rate of SYNROC.

Experimental pre-plant 350
tonnes hot press designed to
demonstrate the "in
canister bellows" method
of hot pressing SYNROC.
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In other Commission work, small SYNROC specimens prepared in the
laboratory continued to show excellent leach resistance. A recent result (Figure 3)
shows that leach rates do not vary significantly with pH of the leachant between pHs
of 4 and 9. Previous results have shown that SYNROC behaves essentially the same
in brine solutions as in deionised water. Thus, the leach resistance of SYNROC is ex-
pected to be insensitive to groundwaicr pH or composition.

Two lines to fabricate and test small SYNROC specimens containing radio-
active actinide and fission product elements, respectively, are in an advanced stage
of assembly. This work is funded under the National Energy Research, Develop-
ment and Demonstration program.

HIGHLY RADIOACTIVE LIQUID WASTES

Highly radioactive l iquid wastes have been produced at the AAEC Research
Establishment, Lucas Heights, since 1970 from the production of molybdenum 99
through processing of irradiated u ran ium dioxide of up to 1.8 per cent w/\v enrich-
ment in u ran ium 235. Molybdenum 99 is the source of tcchnetium 99m, an impor-
tant radionuclide, used in nuclear diagnostic medicine. Approximately two cubic
metres of liquid waste containing over 40 TBq (1000 Ci) of fission products is cur-
rent ly , safely stored at Lucas Heights and cannot escape to the environment .

A research project is in progress to provide volume reduction, waste solidifi-
cation and alternative storage of the waste. A secondary aim is to produce fission
product concentrate for future manufacture of radioactive SYNROC specimens.

The extraction, scrub and backwash mixer-settlers for treatment of liquid
radioactive wastes from the production of molybdenum 99 al the A A EC
Research Establishment. The equipment is undergoing performance tests with

unirradiated uranium prior to installation in a shielded cell.
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The SYNROC application requires extraction of dissolved uranium from the
liquid wastes followed by ra f f ina tc concentration. Counter-current solvent extrac-
tion in mixer-settlers has been selected for this purpose. Five extraction units have
been fabricated and are undergoing hydraulic tests. Evaporation equipment has
been designed and is being fabricated. A shielded cell is being modified for instal-
lation of the treatment plant for remote operation, planned to begin in mid-1984.

HEALTH AND ENVIRONMENTAL STUDIES

The largest project in th i s field is the s tudy of environmental effects of the
uranium industry. I t aims to help minimise any degradation in a cost-effective man-
ner. The sources and formation of possible pollutants, their transport and uptake
mechanisms, soil-solute interactions, and toxici ty studies of the effect of heavy
metals on freshwater and marine biota are being investigated. A related project
examines the key aspects of biological response to low levels of radiation and pro-
vides an Australia-wide service of biological dosimetry.

Environmental isotope techniques are being used also to study the age and
movement of water. A number of collaborative ventures are in effect wi th State
authorit ies, the Bureau of Mineral Resources, Geology and Geophysics (BMR), the
Internat ional Atomic Energy Agency Regional Cooperative Agreement Project 13
and the US Nuclear Regulatory Commission.

ACCUMULATION OF RADIONUCLIDES IN ACID SWAMP SOILS

Airborne scinti l lometry investigations carried out during a mining company's
uranium exploration near Mount Brockman in the Northern Territory in the 1970s
revealed several anomalously high concentrations of radioact ivi ty . However, the
anomalies subsequently were shown to contain l i t t le u ran ium. One such anomaly,
downstream of Lcichhardt Springs, which rise at the foot of the Mount Brockman
massif, has been the subject of investigation. Field studies and laboratory analysis of
the soil and water samples have shown tha t the anomaly is caused by a build-up of
radium 226 in the swamp soils of the creek fed by the spring.

The objective of the Commission's present study is to elucidate the mechanism
of the concentration effect and to determine which types of soils will concentrate
these radioactive species. Radioactive species may be mobilised from t1'? uranium
mining areas both during and after operation and transported through ii-.. environ-
ment in contaminated surface or groundwaters of the drainage systems downstream
of the present and proposed mining operations. This study allows the prediction of
possible concentration sites in the soils along these drainage systems. This infor-
mation is particularly important in the selection of monitoring sites to give early
warning of excessive release of radionuclides.

The soils examined in the laboratory were mainly sandy but characterised by
varying amount of organic matter. The radium 226 was associated mainly with high
organic soils and this has been confirmed by.fractionation of the soil components
using a physical separation technique. Chemical extraction techniques indicate that
iron or manganese in the soil is involved in the concentration process. An explana-
tion is that an active or amorphous form of iron, associated wi th the organic, is a
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Freshwater turtles from the Alligator Rivers Uranium Province, Northern Ter-
ritory, are being maintained in the Environmental Science Division's laboratories

at Lucas Heights to study radium 226 kinetics in their tissues.

strong adsorber for radium. Another mechanism for the concentration of radium
226 and iron could involve chemosynthetic bacteria which utilise the oxidation states
of iron for energy.

Radium 226 in the soils is far in excess of that required for equilibrium with its
parent nuclide uranium 238, which indicates that the radium is transported out of a
uranium deposit in groundwater and does not arise from the decay of the uranium
parent present in the soil matrix. This is confirmed by the presence of thorium 228 in
the soils out of equilibrium with thorium 232, clearly deposited from migrating
radium 228 and fixed in a similar fashion to radium 226. Radium is thus shown to
transport in those groundwaters which are low in solids and high in carbon dioxide.

Future Commission work will be aimed at delineating further the role of
organics and iron in the concentrating process and thus characterising the required
soil type more closely. At the same time, soils from similar areas in the mine
drainage systems will be characterised to check their concentrating potential for
radium.

RADIUM 226 AND FRESHWATER ORGANISMS
Organisms inhabiting freshwater systems downstream of uranium mining pro-

jects may become exposed to increased levels of radium 226 and other alkaline earth
metals such as calcium and magnesium. The way these organisms accumulate
radium under varying conditions of water density is important as they are a source
of traditional food for Aborigines in northern Australia.

Organisms under examination by the Commission include mussels, waterlilies
and turtles, with work on the former at an advanced stage. It is now clear that
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calcium in water influences radium uptake, acting to some extent as an analogue. It
appears that the ability of mussels to accumulate high concentrations of radium in
their flesh is related to high demand for calcium to build a shell which is relatively
large compared with tissue mass. Although work on turtles is just beginning, it is an-
ticipated that similar processes may be involved because of the heavy carapace of the
turtle.

Waterlilies concentrate radium to a lesser extent than mussels but are also im-
portant from a biogeochemical viewpoint. They may, because of their large
biomass, cause a gradual concentration of radionuclides on the floodplains of the
Magela Creek system in the Northern Territory.

EFFECTS OF POLLUTANTS ON M A R I N E ORGANISMS
A number of possible pollutants from the uranium mining industry may affect

estuarine and marine organisms following transport through the freshwater system.
Current research w i t h i n the Commission is aimed at examining the long-term

effects of uranium uptake through successive generations of marine amphipods.
Also, separate experiments arc examining the effect of u ran ium in unicellular algae
and the edible mussel. At the same time, the Commission is examining absorption by
these organisms of uranium from the food chain. Auloracliographic techniques have
been developed based on tracks, formed in plastic, of fission events following
bombardment by neutrons.

PYRITIC OXIDATION IN MINE WASTES
Oxidation of pyritic material produces acid drainage and is the main cause of

pollution at many mine sites. Measurements of the gas composition in the pores of
the waste rock dumps at Rum Jungle, Northern Territory, have shown the impor-
tance of the supply of oxygen in the oxidation process. Oxygen concentrations
greater than 2 per cent were found in all regions where the observed high
temperatures indicated a high rate of pyritic oxidation. This suggests that the supply
of oxygen is the rate-limiting step in the oxidation process occurring in the dumps.

The measured oxygen profiles showed that oxygen is transported into the dump
by a combination of diffusion, convection and advection. The high temperatures in
the regions of the dump, where there is a high rate of oxidation, cause convection of
the pore gas which draws fresh air in from the sides of the dump and up through the
oxidising regions. In one location, this process appears to be occurring 70 m from
the edge of the dump. Diffusion of oxygen from the top surface is the main
transport process further away from the sides. In some locations, diffusion is
enhanced by the advection of the pore gas caused by the semidiurnal variations in
the atmospheric pressure.

Carbon dioxide concentrations are much higher in the dumps than in the at-
mosphere and exceeded 20 per cent by volume at one location. The high levels of
carbon dioxide found in the dumps ensure that the bacteria which catalyse the
solubilisation of metals have a more than adequate source of carbon dioxide which,
together with water, is essential to their metabolic process.

A mathematical model has been developed to calculate the transport of oxygen
into the dumps by gaseous diffusion in the pores and followed by diffusion into the
particles. The model was used to calculate oxygen distributions for several particle
sizes and for the particle size distribution measured in the field.

29



URANIUM PROCESSING

For some years, the Commission has under taken collaborative research wi th
Interox Chemicals Ply Ltd on the use of Cam's acid as an a l ternat ive oxidant to
pyrolusite in the leaching of uran ium ores. Following the success of plant t r i a l s at
the Queensland Mines Ltd mi l l at Nabarlek in the Northern Territory, described in
last year's report, Queensland Mines have recently replaced their exist ing pyrolusite
circuit w i t h a Cam's acid system. The new system commenced operation in May
1983 and pre l iminary results indicate t h a t reagent savings are even greater t h a n those
tha t were predicated. This is the f i r s t commercial application of Cam's acid and
clenionsirates t h a t the u r a n i u m indus t ry is prepared to adopt new technology if there-
arc clear economic and envi ronmenta l advantages.

NUCLEAR HYDROLOGY AND SED1MENTOLOGY

ISOTOPE HYDROLOGY

Great Artesian Basin
The ages of groundwater samples obtained from Australia's Great Artesian

Basin were recalculated on (he basis of a revised year 1880 potent iometr ic surface-
deduced from the GABHYD hydraulic model of the Bureau of Mineral Resources,
Geology and Geophysics. The ages vary from relatively modern values near the
recharge area in Queensland to about 2 mi l l ion years in the v ic in i ty of Lake Eyre,
South Australia.

Samples were dated independently using chlorine 36 (half-l ife 301,000 years)
techniques in a program involving the Universities of Arizona and Rochester in the
USA. Good agreement exists between the calculated hydraulic ages and ages from
chlorine 36 determinations.

This comparison provides an author i ta t ive experimental verif ication of the
validity of the chlorine 36 method, and opens the way to apply the isotope to a range
of studies associated with the degradation of groundwater qual i ty . A range of other
novel isotope techniques for dating samples is also being assessed.

Murray Basin
A suite of 38 groundwater samples from bores in the Lower Murrumbidgce

Valley were dated using radiocarbon techniques in a collaborative study with the
NSW Water Resources Commission. The ages vary from modern to 15,800 years.
The recharge areas were delineated, and the rate of groundwatcr movement was
found to agree quanti tat ively with that calculated using classical hydraulics. Data
obtained in an analogous program with the State Rivers and Water Supply Commis-
sion of Victoria are being assessed.

ISOTOPE SEDIMENTOLOGY

Applications of caesium 137 techniques to the study of erosion and sediment
redistribution in post-nuclear times continued.

The results of numerous analyses of soils in a catchment system in the Upper
Hunter Valley, New South Wales, were rationalised into a significant working
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Core samples of sediment l)ein,i> taken in Bitrrinjitck Dam, NSW, to measure
caesium 137 eonceniralion in a study of sedimentation rales. Officers of I lie
Australian Atomic L'iiei\i>y Commission, the /V.VIf ll'urer Resources Commission,
the Commonwealth Scientific and Industrial Research Or.>ani~aiion, Mae(/uarie
University and the A usiralian National University are involved in tin's cooperative

research project.

model tha t describes erosion sources, intermediate storage sites and sediment sinks.
The model is being tested fu r the r and extended to include a wider range of geomor-
phological un i t s and d i f fe r ing cl imatic regions. At the present t ime , the correlation
ol'caesium 137 content of soils and a measured index of soil erosion is showing an
encouraging trend.

Caesium 137 concentration profiles in the sediments of the Bur r in juck ,
Wyangala and Glcnbawn Dams were used to measure modern sedimentat ion rates in
these dams.

US NUCLEAR REGULATORY COMMISSION CONTRACT

A Commission study on the migration of members of the uranium scries down-
gradient of deposits in the Alligator Rivers Uran ium Province in the Northern Ter-
ritory is being supported by the US Nuclear Regulatory Commission. The u l t i m a t e
aim of the project is to gain an understanding of the scientific principles by which
the fate of radionuclides over thousands of years may be predicted on the basis of
laboratory experiments.
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A geochemical analogue approach is being used in the study and a global model
is being developed to enable estimates to be made of the rate of advance of the
weathering front, the rate of leaching or deposition of uranium and the rate of sur-
face erosion. Associated with the geochemical work are detailed laboratory studies,
on selected ore samples, of the leaching and adsorption of uranium series nuclides.
The Department of Chemistry, Universi ty of Wollongong, is assisting in the study.

A systematic investigation is being made of the distribution of uranium,
thorium and radium on individual mineral classes comprising the ore assemblage.
The possible role of colloids in the transport of radionuclides is also being
investigated.

A contract has been let to the Department of Soil Science, University of
Sydney, to contribute to the fundamental understanding of the processes of
weathering and of radionuclide redistribution through an investigation of the
detailed mineralogy of ore samples and of colloids separated from the groundwater.

Progress would not have been possible without other organisations contributing
to the project which included the Water Division, Department of Transport and
Works, Northern Territory; Ranger Uranium Mines Ply Ltd; Pancontinental
Mining Ltd; Queensland Mines Ltd; and Denison Australia Ply Ltd.

RADIATION DOSE RESPONSE TO AMPHIBIA

Limnodynastes tasmaniensis, a species of frog which can be reared conveniently
in the laboratory, has been used in experiments on sensitivity to acute and chronic
doses of X- or gamma-rays. The radiosensitivity of the different stages of the life
cycle has been determined. The results reveal a twentyfold increase in resistance to
X-or gamma-radiation as development proceeds from the fertilised egg through to
the week-old tadpole. Thereafter, although sensitivity to radiation (as measured by
deaths at 30 days) does not change greatly, heavily irradiated tadpoles exhibit a
variety of skeletal defects which have been revealed by a special staining process.

Results so far indicate that levels of radiation likely to be encountered in the
Northern Territory uranium mining areas probably do not cause deaths or
abnormalities in this species of frog.

RADIATION DOS1METRY

To provide reliable data for calculations of the damaging effects of ionising
particles on living tissue, measurements are being made of fundamental atomic col-
lision processes. By measuring the energy and angle at which electrons are ejected
from target atoms by fast protons, an estimate can be made of the relative
importance of various ejection mechanisms. One process, which involves the tem-
porary capture of an electron from the target atom by the proton, has been
estimated theoretically to contribute up to 30 per cent of the total ionisation in
hydrogen. The energy-angle measurements can provide an independent estimate of
this percentage. So far, in helium, where the percentage would be expected to be
lower, the measurements lead to an estimate of about 2 per cent.
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APPLICATION OF RADIOISOTOPES AND
RADIATION

The Commission is a major supplier of radiopharmaceuticals and has a number
of radiation facilities that are unique in Australia. This field of study covers both the
medical and industrial applications of radioisotopes and includes short-term,
problem-solving work as well as long-term strategic research.

One project concentrates on the synthesis of new radiopharmaceuticals,
develops novel methods of manufacture, and provides quality control support to the
main radiopharmaceutical production unit . Another project examines the
microbiological aspects of radiation processing for food preservation and sterilisa-
tion of medical products.

Industrial applications of radioisotopes and radiation are studied in a third pro-
ject in which consulting work is undertaken in areas of benefit to the community,
for example in tracing termites, sediment movement and dredging studies.

NUCLEAR AND RADIATION MEDICINE

The Commission's research program in nuclear and radiation medicine aims to
improve methods of radiopharmaceutical production and quality control; to study
potential radiopharmaceutical compounds and their synthesis, particularly their
means of localisation and interaction with other drugs; and to study radiation dose
effects in radiotherapy to establish irradiation conditions for optimum clinical effec-
tiveness with minimum harmful complications.

PRODUCTION OF MOLYBDENUM 99

Molybdenum 99, used in the manufacture of technetium 99m generators, is ex-
tracted from a solution of uranium 235 fission products by selective absorption on
an alumina column followed by recovery with ammonium hydroxide. The complete
separation process is slow and inefficient and provides a product whose quality is
acceptable but could be improved.

A simpler process is being investigated which reduces the extraction time from
14 to 4 hours. A molybdenum complex is precipitated from the fission product solu-
tion by the addition of toluene-3,4 dithiol. After filtration, the molybdenum is
recovered from the complex by acid digestion followed by reprecipitation with
a-benzoin oxime.

The plant efficiency is higher than that cur rent ly being achieved and the
raclionucliclic pu r i t y of the product is s ignif icant ly better. The process will now be
investigated at pilot-plant scale.

RADIOPHARMACEUTICAL RESEARCH

Cyclotron-produced gallium 67 is the principal nuclide used for tumour
imaging. In addition to concentrating in tumours and abscesses, a significant pro-
portion is held up by healthy tissue and blood. This component is excreted slowly

33



and a post-injection delay of about 24 to 72 hours is required before the fraction
taken up by a tumour becomes visible.

A phenolic aminocarboxylate sequestering agent developed by the Commission
has been used in animal studies to remove gallium 67 not bound to a tumour. This
may permit imaging at earlier t ime intervals after injection.

Another aspect of this research has been the investigation of other radiophar-
maceutical applications of gallium 67. The method of clearance of a gallium chelate
of brom-phenolic aminocarboxylic acid via the hepatobiliary route indicates its
potential for the diagnosis of biliary disorders, particularly in children, where
delayed excretion prevents the use of technetium 99m. Since the currently used agent
for this work is based on iodine 131, the use of a gallium 67 complex would reduce
significantly the radiation dose to the patient. This work is a project for an IAEA
coordinated research program on new radiopharmaceuticals with emphasis on
hepatobiliary agents.

ZIRCONIUM MOLYBDATE GEL GENERATOR

Development continued on a new type of generator for tcchnctium 99m based
on zirconium molybdate gel. Investigations of the factors controlling the clution of
technctium 99m from the gel have resulted in increased efficiency and a higher
specific activity product. A means has been found of concentrating and purifying
the technetium 99m eluant from the water elution of large gel columns which has
further increased the available specific act ivi ty of the product. This development
greatly increases the versatility of the process for the in-house preparation of
technetium 99m solutions.

The gel generator is a viable alternative to the methyl ethyl ketone (MEK) sol-
vent extraction process and, depending on local production conditions, has the
potential to provide an alternative system for portable hospital generators.
Technetium 99m production, based on the gel generator, would have the advantage
of e l iminat ing the waste problems associated wi th the disposal of residual fission
products formed in the irradiation of uranium.

MEDICAL RESEARCH

Feasibility work using the application of brachytherapy techniques was com-
pleted for a proposed collaborative program with the Prince of Wales Hospital,
Sydney, NSW, to evaluate gamma dose rate effects on the spinal cord.

Investigation into the microbiological standardisation of laboratory rodents
continued in conjunction with the University of NSW and supported by the National
Health and Medical Research Council.

The late effects of gamma tota l body irradiation and dose rate relationships
following bone marrow engraf tmcnt rescue is the subject of a research s tudy in col-
laboration wi th the Prince of Wales Hospital and the M. D. Anderson Hospital and
Tumor I n s t i t u t e , Houston, Texas, USA. This work shows a therapeut ic advantage
in mice by exploi t ing normal tissue cell cycle repair t imes using reduced dose rates of
total body i r rad ia t ion .
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IRRADIATION RESEARCH AND TECHNOLOGY

FRUIT TREE MUTANTS

The Commission and the Department of Agronomy and Hort icul tural Science,
Univers i ty of Sydney, arc collaborating in a project which aims to produce, by ex-
posure to low closes of gamma-radiation, mutan t s of economically impor tan t f ru i t
trees tha t are compact and thus easier to harvest. Micropropagution techniques arc-
being developed to pu r i fy chimeras and separate solid mu tan t s . Prel iminary results
are promising and show tha t for Paekhams Triumph pears, the o p t i m u m dose for
mutan t formation is as low as 20 grays (Gy). This work is being extended to
investigate mu ta t i on of commercial ornamental plants for t he nursery indus t ry .

NEW COMMERCIAL APPLICATION OF GAMMA-RADIATION

An investigation into the use of gamma-radiation to control the spread in
Australia of American foulbrood (AFB) in bee colonies, carried out in collaboration
with the Veterinary Research Station, Glcnfield, NSW, was described in the Com-
mission's Annual Report for 1981-82. Caused by the spore-forming organism
Bacillus larvae, AFB is controlled normally by burning all contaminated hives.
Although commercial apiarists are compensated for incinerated hives, additional
financial hardship occurs because of losses in honey production while hives and
colonies are rebuil t . A nondestructive control method, such as radiation treatment,
would be economically advantageous. Research results indicated that a min imum
dose of 10 kGy should be suff ic ient to control AFB infect ion. This has now been
confirmed commercially. In January 1983, 1400 infected boxes were treated at a
dose of 10 kGy at Ansell International 's industr ial irradiation plant , Dandcnong,
Victoria. Transport (4000 km) and irradiation charges totalled less than one-third of
the replacement cost of the hives, excluding labour. The irradiated boxes were
restocked with bees and the hives remained free of AFB. This was the first t ime
ionising radiation had been used on a commercial scale for this novel application.
Irradiation is now used routinely in Australia to control the spread of AFB infection
in bee colonies.

HYDRODYNAMICS OF WASTEWATER TREATMENT PONDS

Shallow ponds, ^nerally two or three in series, are used widely as the f inal
stage of treating wastewaters, such as sewage, before they arc discharged in to
surface-water systems or used for irrigation. The effectiveness of these ponds in
reducing pathogens to acceptably low levels depends on a complex interaction of
physical, chemical and biological processes. On the physical side, workers in the
field have cited hydraulic behaviour, and hydraulic retention t ime in particular, as
one of the most used parameters in the design and theoretical modelling of pond
behaviour, but it is one of the least researched aspects.

Work undertaken by the Commission in New South Wales since 1979 at
wastewater treatment plants operated by the Department of Housing and Construc-
tion, the Metropolitan Water Sewerage and Drainage Board and the Hawkesbury
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Shire Council, has demonstrated that radioisotope tracers are extremely useful in
studying pond hydrodynamics. The work has shown that phenomena which would
not occur without deliberate introduction in laboratory models were likely to occur
naturally in real ponds, and highlighted the need for studies on real systems. Tests at
these sites were carried out in consultation with the State Pollution Control Com-
mission which is also using the sites for studies on the correlation of bacteria die-off
and retention time.

The Commission used short-lived gamma-ray emitters to study in situ the
dispersion behaviour of pond influent, and tritiated water — a long-lived beta-
particle emitter — to study long-term retention time distributions. The /'/.' situ tracing
gave evidence of a number of flow and mixing phenomena. These included thermal
stratification on sunny days with a short circuiting flow path associated with the
thermocline; wind-generated, subsurface counter-currents along the thermocline;
and tracer movement in a direction opposite to the general flow direction.

The work is continuing and will be extended to include correlation of water-
quality parameters such as dissolved oxygen, pH and conductivity with depth and
tracer stratification. Retention time distributions have been determined for a
number of pond systems. In all cases, the distributions have departed markedly
from the ideal.

Future studies will also *ook for variations due to seasonal and short-term
weather factors; will seek to improve the mathematical modelling of retention time
distributions; wil- correlate observed retention time distributions with the type of
flow behaviour observed in /// situ tracing experiments; and will study the efficacy
and mechanism of baffling as a means of extending retention time.

SEDIMENTATION STUDIES

The Commission has carried out a number of studies over recent years into the
problem of sediments in rivers, estuaries and the ocean. Some studies have been
made of the movement of natural sediments (e.g. in Queensland, sediment move-
ment in the Barren River, the movement of offshore sand shoals, Cairns, the long-
shore movement of beach sand, Cairns, and the near-shore movement of sand,
Noosa Heads). Other studies have looked al the dumping of sediment-type materials
in an ocean environment (e.g. the movement of dredged spoil in More-ton Bay, Qld,
and the movement of ferric hydroxide Hoc in Bass Strait).

In these studies, the relationship between the type and rate of movement of the
sediment and the nature of the ocean conditions (wave height, period, depth of
water, etc.) was fundamental to the understanding of the problem and the inter-
pretation and extrapolation of experimental results.

Analysis of sediment movement requires measurement of the suspended sedi-
ment concentration. Geologists, geographers and sedimentologists have used
radioisotope tracers and sediment concentration gauges, based on gamma attenua-
tion, to carry out these measurements. The gamma attenuation technique can be
used to measure suspended sediment concentrations under conditions which are
diff icul t for other types of instrumentation, particularly where instantaneous con-
centrations are required.

Such a gauge was designed, developed and built by the Commission for use in
either estuaries or surf zones where many Commission investigations are required.
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Above: Assessing cores taken
from an eslnarine sand shoal
in Port Hacking, NSW, which
had been labelled with
radioactive sand to investigate
sillation patterns and pro-

cesses.

Above: In Bass Strait a
Commission officer labels
an industrial waste material
with a radioisotope. This
labelled material was used
to assess dispersion pro-
cesses and the efficiency of

an ocean outfall.

Right: An officer of the
A A EC's Isotope Division
uses a scintillation detector
to determine the location of
radioiso tope-la belled ter-
mites foraging in the tree.
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Most alternative instruments use optical techniques which tend to cut out completely
at high sediment loadings because they suffer from interference from non-settling
fines and non-mineral organic materials. Because the gamma attenuation gauge
measures only the bulk density of the material in the beam path of the instrument, it
does not have these limitations. The Commission's instrument, which has a beam
path length of 20 cm, can be adjusted to measure concentrations of suspended
matter at fixed positions — from bed level 10 50 cm above.

Field trials of this instrument were conducted during the year in conjunction
with the Coastal Studies Unit, University of Sydney, at a beach north of Hawks
Nest, NSW.

The gauge shows promise in that useful data were obtained in the field. This
helps determine patterns of onshore/offshore sand movement, suspended sediment
concentration due to wave/current interactions in estuaries, transport differentials
on cusped shorelines, and sediment concentrations in pulsing rips.

A collaborative research project is being undertaken with the NSW Department
of Public Works, in Port Hacking. The area lies on the southern edge of Sydney and
is bounded to the south by the Royal National Park. It is characterised by clean sand
beaches and intertidal fiats. Its 37 km of coastline is under-utilised, possessing great
recreational potential if shoaling problems in the estuary can be solved. Localised
sedimentation rates, sediment exchange mechanisms and tidal flow patterns need to
be modelled and the model proven. The Commission is undertaking radioisotope
sand-tracing experiments and suspended sediment measurements to aid understand-
ing of the- sediment behaviour of the area and to provide data for the model.

TERMITES

Tracer studies continued on the behaviour of Coploteniies acinadfonnis in
urban buildings. It was shown again from this work that it is not necessary for this
species to have contact with the ground as is popularly believed. In high-rise
buildings, there was clear evidence that as long as there is suitable access to water
and to building materials then no contact with the ground needs to be established.

Urban colonies of Scliedorliinolermes inlennedhis interniedius were traced
using the tracer bait developed for Copiotennes aciiuicifontiis. S. interniedius in-
tennedius can give rise to significant damage to timbers in buildings, and knowledge
of its total colony structure is important .

Measurements of trophallaxis and excretion rates are being carried out jointly
with the CSIRO Division of Soils for six species of termite: Masioiernws
clarwiniensis, Coptotennes acinacifonnis, Nasutitennes exiiiosus, Tunniliteniies
pastinator, Amitenues vitiosus and Drepunolermes rubriceps. These investigations
include measurement of the population of naturally occurring mounds of the
harvester species T. pasiifiator, A. vitiosus and D. rubriceps.

SEMICONDUCTORS FOR NUCLEAR RADIATION
DETECTORS

Electrically active deep-level impuri ty and native defect centres in semiconduc-
tors often severely limit the performance of semiconductor devices including solid-
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state nuclear radiation detectors. Such defects can be examined by an electronic
technique called Deep-Level Transient Spectroscopy (DLTS).

Using DLTS, the Commission studied the interaction of deep-level defects with
atomic hydrogen introduced by diffusion from low-pressure, radiofrequency plasma
into a range of semiconductors. It was shown that the electrical activity of deep
levels associated with transition metals in silicon may be neutralised or "passivated"
on hydrogenation. Such impurities are often introduced into silicon electronic
devices on processing at high temperatures. In addition, it was demonstrated that
electrical defects associated with grain boundaries in both polycrystalline
germanium and gallium arsenide, as well as those introduced by gamma-irradiation
of single-crystal silicon and germanium, were passivated on hydrogcnation. It
appears also that some degree of hardening against radiation-induced deep levels in
semiconductors is effected on hydrogenation.

Of interest was the finding that hydrogen neutralises deep-level defects in
single-crystal, "as-grown" gallium arsenide, a semiconductor which is attracting
much at tent ion by the advanced electronics industry because of its potential applica-
tion in very-high-speed logic microcircuits.

An explanation for the general phenomenon of neutralisation of deep-level
defects observed probably lies in the at tachment to "satisfaction" of broken ciystal
bonds associated with the defects by hydrogen atoms, a process similar to that which
occurs in hyclrogenated amorphous silicon th in films, which recently have been
employed successfully for solar cells.

The use of DLTS was also applied in studies of the motion under electric fields
of impurity-related defects, introduced by doping or ion-implantation as well as

In the Coin mission's Deep-Level Transient Spectrometer, the sample of semi-
conductor material is contained in a cryoslat (right-hand end of bench). The
technician is adjusting settings on the associated electronic equipment to

determine defects in the sample.
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gamma-irradiation-induced defects in semiconductors. Apart from acquiring new
basic data, this work may lead to methods of controlling the concentrations of
unwanted deep-level defects in some semiconductor devices.

NUCLEAR SCIENCE

The Commission's research program in Nuclear Science embraces projects in
nuclear physics, nuclear applications and maJerials science.

In the nuclear physics segment of this field, basic research is undertaken in
neutron reaction processes and neutron data measurement. Recent work has made a
significant contribution to the International Atomic Energy Agency's (IAEA)
safeguards program through the development of an accurate instrument for measur-
ing the level of enrichment in samples taken from a uranium enrichment plant.

Ion beams from the 3 MeV accelerator and neutron beams from the Commis-
sion's reactors HIFAR and "Moata" are extremely useful tools for scientific
research. Current work covers ion beam techniques for sample dating and analysis,
neutron diffraction and neutron radiography. Much of this work is done in col-
laboration with universities through the Australian Institute of Nuclear Science and
Engineering (AINSE). This ensures that the nuclear facilities at Lucas Heights can
provide the maximum benefit to the Australian scientific community.

The fundamental aspects of materials science are of particular relevance to the
nuclear industry as a whole. Topics such as radiation damage, the behaviour of com-
ponents in service and novel ultrasonic techniques for detecting and sizing flaws
form part of the Commission's program.

NUCLEAR PHYSICS

Gas-Phase Monitor
Program objectives in nuclear physics changed during the year from the

previous concentration ou fundamental nuclear problems to a mixture of fundamen-
tal studies and applications-oriented research. Research included measurements on
the fine structure in fission yields from uranium 233, uranium 235 and californium
252; an investigation into a predicted mass asymmetry in the polarised fission of
thorium 230; and improvements in the accuracy of the neutron spectrum from spon-
taneous fission of californium 252 which now is accepted as an international
standard.

Continuing Australia's program of assistance to the IAEA on safeguards, the
gas-phase monitor, mentioned in the Commission's Annual Report for 1981-82, was
developed to the stage of field trials at the centrifuge plant in Almelo, the
Netherlands, in September 1982. Tests carried out under IAEA surveillance were
most successful and led to a request for two of these monitors for the IAEA
Siebersdorf Analytical Laboratory (Austria). These have been installed and repre-
sent a successful completion of the first stage of the project. New possibilities for the
development of instrumentation in support of international safeguards are being
considered in collaboration with the IAEA and relevant Commonwealth depart-
ments.

At the request of the IAEA, Australia is to continue representation on its Inter-
national Nuclear Data Committee, the major coordinating committee in compiling
the world nuclear data bank.
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Non-Destructive Analysis

As part of a general Commission program on the applications of nuclear tech-
niques to non-destructive analysis, ion beam methods were adapted to bio-medical
applications and several new areas of research were explored for neutron-scattering
techniques.

Neutron Scattering

Neutron scattering, making use of beams of thermal neutrons from the reactor
HIFAR, continued to find widespread application. Commission staff again con-
tributed to the development of techniques and facilities for neutron scattering, and
engaged in selected applications.

The high-resolution neutron powder diffractometer (described in the Commis-
sion's Annual Report for 1981-82) continued la perform well. Staff from the AINSE
Neutron Diffraction Group replaced the single-neutron detector used previously
with an array of eight detectors, .resulting in an eightfold improvement in the data
acquisition rate.

A Commission scientist spent 10 months on attachment to the Biology Depart-
ment of the Brookhaven National Laboratory, New York, and has now returned to
Australia. It is envisaged that there will be some increase in the application of
neutron scattering to biological systems. In addition, facilities on the reactor
HIFAR for neutron studies of biological systems are being improved by AINSE with
assistance from Commission staff.

A new technique investigated during the year was the critical reflection of
neutrons. Neutrons incident upon a surface at very small angles, up to a certain
critical angle, are totally "mirror" reflected. It was recognised recently that varia-
tion of reflectivity near the critical angle may be quite sensitive to surface details,
and the critical reflection technique therefore might be used in investigating a range
of systems of interest to surface physicists and chemists, e.g. adsorbed layers,
evaporated or sputtered layers, black films, fatty acid multilayers and density
gradients at the liquid-vapour interface. As a test of feasibility, the reflectivity of a
layer of copper on glass was measured. The result compares favourably with that
obtained overseas.

Analysis of Scalp Hair

Urine and blood trace element analysis are accepted practices for monitoring
exposure to heavy metals in industry. In collaboration with the NSW Department of
Industrial Relations, scalp hair is being investigated to determine whether it too can
act as a biological monitoring agent.

Some 250 volunteers are being surveyed, of which 150 form a control group and
100 are occupationally exposed to a variety of heavy metals. Because of its multi-
element capabilities, proton-induced X-ray emission (PIXE) has been used to
measure trace elements in the hair of these volunteers. This has been successful, with
all expected trace elements, ranging from light elements (e.g. potassium) up to the
heavy elements, being detectable at the parts per million level. Rutherford back-
scattering and helium elastic recoil detection were used in conjunction with PIXE to
determine the major components (carbon, nitrogen, oxygen, sulphur and
•hydrogen):
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MATERIALS SCIENCE
Commission scientists arc working on the development of techniques in parallel

with their application in research problems.

Ultrasonics
An important technique for non-destructive testing of engineering components

uses a pulsed beam of ultra-high-frequency sound waves which is reflected from
flaws or inhomogeneities in the component being tested. In the method used by the
Commission the test piece lies in a tank of water. A probe that sends and receives
sound pulses is moved in small steps over the surface of the test piece by two
computer-controlled stepping motors. The reflected pulses are analysed by com-
puter to build up a picture of any flaws that may be present. The technique has been
applied to a number of industrial problems and is being used to investigate porosity
in SYNROC.

Image Analysis
Quantitatively, it is relatively easy to tell from an optical or electron micrograph

of a structure how many phases are present and their relative amounts, but it is very
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much more laborious to extract quantitative information which may include the size
and shape distributions of individual phases and the geometric relations between
them. Commission scientists are developing a computerised image analysis system to
provide this information and so enable much fuller characterisation of phase struc-
tures to be made.

Fracture Toughness

An important property of any structural material is its fracture toughness,
which is a measure of its abili ty to maintain structural integrity despite the presence
of cracks. The Commission is collaborating with overseas laboratories i'i an experi-
ment designed to evaluate simpler alternatives to the standard ASTM test for frac-
ture toughness.

Commission officers measured the fracture toughness of steel from the
Moomba gas pipeline. The results obtained, together with measurements of crack
size obtained by ultrasonic testing, were used to estimate a safe working pressure for
the pipeline.

COMPUTER STUDIES AND MATHEMATICS

The Commission has a number of computers, including a large IBM3033S
central computer, linked together in a network to provide a variety of computing
services to both AAEC and CSIRO staff (see Chapter 4). This computer network is
ageing and uses outmoded technology. A new method for l inking the site computers
together has been devised, based on fibre optics technology and small micro-
computer switching nodes. The new network will be more flexible, more reliable,
and will provide for the increasing data communication needs of the Lucas Heights
Research Laboratories.

The AAEC and CSIRO computer networks are being interlinked. This will
allow staff at the AAEC Research Establishment to use the facilities of CSIRONET,
including access to the Control Data computers of the CSIRO Division of Com-
puting Research in Canberra. Conversely, CSIRO staff and other research workers
throughout Australia will be able to access the facilities of the AAEC computer net-
work, including the IBM-based central computer installation.

The Relational Data Base ADD being developed by the Commission now has 60
trial users covering 30 different database applications. Resulting from the wide in-
terest ADD has attracted, it is hoped to market the system after trials have been
completed.

The use of high-level computer languages in computer network development is
being explored. In the past, such applications have required the use of low-level
machine-oriented languages. A communication path, using three INTEL 8086 pro-
cessors in parallel and programmed in the high-level language MODULA I, has been
set up to demonstrate this concept. The language MODULA II, a development of
the successful PASCAL language, is being used as a base for providing a language
suitable for both general network and mini- and micro-computer system develop-
ment.

On the mathematical front, "sieve nests", normally thought of as a tool of
chemical engineers, are being used to hasten the convergence of solutions to linear
equations arising from the numerical analysis of elliptic partial differential
equations.
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COMMERCIAL SERVICES

RADIOISOTOPE AND RADIOPHARMACEUTICAL
PRODUCTION

Although the economic climate has continued to restrict the use of
radioisotopes, both in industry and medicine, there has been some growth in total
production during the year, and this has occurred primarily in the last quarter.

RADIATION SOURCES

One cobalt 60 cancer therapy source was rebuilt during the year and supplied to
Queensland and two new sources were exported to New Zealand. Five other large-
capacity cobalt 60 sources were supplied for industrial purposes, three to Australian
users and two exported to New Zealand.

A method of exchanging cobalt 60 level-gauge sources in situ was developed.
This technique has effected savings both in container transportation costs and by
reducing shut-down times at facilities using these gauges. This new source-changing
technique is expected to meet increased demand.

Despite the gener;-,! economic situation, production of industrial radiography
sources continued to increase, though at a reduced rate. The specialised ytterbium
169 sources remained an export success with almost all production by the Commis-
sion being sold overseas.

Another highly specialised product involving the use of promethium 147 was
developed for use by the defence forces. This low-activity radioisotope is used for
panel illumination. A service contract involving this isotope will extend over a two-
year period.

Development of medical implant sources continued. It is hoped that a new
product of this type will become available during 1983-84.
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MANUFACTURING FACILITIES

New facilities built for the production and aseptic assembly of sterile
technetium 99m generators have been in operation throughout the year. Many
minor improvements were devised and incorporated into these facilities to provide
reliable and efficient manufacture while maintaining the current and foreseeable
standards set for the manufacture of Pharmaceuticals.

The installation of a fully filtered, temperature-controlled air supply for the
radiopharmaceutial production complex was completed as part of a laboratory up-
grading program.

A new shielded facility was designed and built to meet the special requirements
of dispensing a range of ready-to-inject technetium 99m-based radiopharma-
ceuticals under a nitrogen atmosphere. The facility was tested and commissioned
during the year and proved to be successful both in simplifying product manufacture
and in further reducing the low levels of radiation present in the laboratory during
manufacture.

As a result of considerable development, production time for the manufacture
of uranium pellets has been reduced by a factor of five. The pellets are irradiated in
the reactor H1FAR for the production of molybdenum 99 and thence technetium
99m which is the Commission's major commercial product. The new process also
has achieved improved pellet uniformity.

RADIOPHARMACEUT1CAL PRODUCTION AND SALES

The production and sale of tcchnetium 99m-based radiopharmaceuticals
followed a steady pattern throughout the year and confirmed the prediction in the
Commission's Annual Report for 1981-82 that the previously observed trend away
from these ready-to-inject products to the use of generators and freeze-dried
reagents had ceased, with smaller users confirming a preference for the "instant"
product.

Generally, the value of sales continued to decline through 1982, following the
trend established earlier that year, but began to recover in 1983. Growth was re-
established in most product areas as techniques in nuclear medicine were developed
and refined to provide what has proved to be a constantly improving quality and
range of diagnostic and therapeutic services.

The Commission's technetium 99m generator is now produced in a well-
shielded, easy-to-use and attractive package which has been favourably received by
hospital users. Approval by health authorities is being awaited for the marketing of
a sterile version of this generator.

The export sales value of Commission-produced radioactive products increased
substantially during the year. This result was encouraging and further growth is a
long-term objective. Income.' from the distribution of imported materials also
increased. (See Table 1.)

The Commission intends to expand the range and further improve the quality
of its products and services and will seek the collaboration of medical and non-
medical users to realise these objectives.
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TABLE 1
VALUE OF RADIOISOTOPES SUPPLIED AND DISTRIBUTED

BY THE AAEC COMMERCIAL PRODUCTS UNIT
(For the period 1 April 1982 to 31 March 1983)

Use and Type

WITHIN AUSTRALIA
Industrial

Radiography and sealed
sources

Miscellaneous solutions
and services

Total for Industrial Use

Research
Cobalt 60 sources
Miscellaneous solutions
Neutron irradiations
Miscellaneous services

Total for Research

Medical
Implant sources
Radiopliarmaceutical products
Materials supplied from

imports

Total for Medical Use

EXPORT
Radiography sources and

services
Medical products and

miscellaneous solutions

Total for Export

TOTAL FOR ALL
CATEGORIES

Items

414

320

734

25
1,223

176
10

1,434

1,200
40,738

9,890

51,828

136

253

389

54,385

Activity

326 TBq

—

—

96 TBq
6 TBq

—
—

—

468 GBq
102 TBq

—

—

298 TBq

2 TBq

—

—

Value $A

123,867

23,154

147,021

17,309
74,542

8,888
2,578

103,317

8,288
1,192,229

471,037

1,671,554

98,252

29,946

128,198

2,050,090

NOTE: 1 Bq (bequerel) =2.7 x 10- "Ci (curie) (rounded)
1 TBq = 1012Bq
1 GBq = 109 Bq
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PROVISION OF SERVICES

In addition to radioisotopes and radiopharmaccuticals produced from the
operation of the HIFAR reactor, the Commission for many years has provided ser-
vices to Australian industry. These services, which take the form of consultancies,
materials and hire of equipment, are charged at normal commercial rates. During
the past year, the revenue derived from the provision of services and materials fell to
its lowest point since 1976. This is attributed partly to the decline in the local
economy and reduced availability of staff , but mainly it is the result of the transfer
to CSIRO of several activities which were active revenue earners for the Com-
mission. As a result of s taff ceilings, other Commission services to industry also
have been restrained. Details of revenue from these services are given in Table 2.

In an endeavour to increase the availability of specialised services to industry, in
December 1982 expressions of interest were invited from private firms which might
be interested to cooperate in developing and marketing Commission products and
services. Although discussions have been held with interested organisations, the
Commission at this stage will not proceed with any collaborative arrangement but
will continue to keep its options open in regard to any cooperative marketing
arrangement.

TABLE 2
COMMERCIAL SERVICES

Analysis of Value of Sales and Services 1982-83

Type of service

Uranium Analysis
Hire of Equipment
Metallurgy
Manufacturing Services
Supply of D2O (heavy water)
Supply of Nuclear Materials
Disposal of Radioactive Waste
Environmental Measurements and

Surveys
Computer Usage
Isotope Applications and

Consultancies
Royalties
Library Services
Printing Services
Miscellaneous Services
Calibrations
TOTAL

FINANCIAL
YEAR

1 J" • y 1982
to

30 June 1983

5,848

4,774
6,445

15,844

40

3,785
2,407

25,305
9,651

532
677

25,655
4,496

$105,459

FINANCIAL
YEAR

1 July 1981
to

30 June 1982

8,921
2,693
3,967
2,218

13,897
93
25

43,972
10,896

46,126

1,680
2,571

47,757
3,932

$188,748
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SILICON IRRADIATION SERVICES

Over the past 18 months, the Commission's Commercial Applications Group
has been investigating the provision of a service, utilising the HIFAR reactor,
known as neutron transmutation doping of silicon. In this process, pure silicon
ingots are placed in an irradiation rig and bombarded in HIFAR with neutrons
which transmute some of the silicon atoms into phosphorus atoms. This method of
doping silicon produces the uniform properties needed for many applications in the
electrical and electronic industries. The Commission has irradiated one test ingot
from a Japanese company and is conducting a market survey to determine if a
silicon doping service, based in Australia, is commercially viable.

INDUSTRIAL APPLICATIONS

Tracing was carried out for Johnson Matthey Ltd to determine the recovery of
gold and the process distribution of gold during the chlorinalion/refining process.

Flow-rate measurements were undertaken using technetium 99m in the cooling
water circuit of Eraring Power Station for the Electricity Commission of New South
Wales.

EXPLOITATION OF INVENTIONS

Following the transfer of a significant number of its staff to CSIRO during the
past year, the Commission reached agreement with CSIRO on the transfer of some
of those AAEC patented inventions which originated with the transferred staff. By
agreement, the Commission will receive 50 per cent of all royalties earned from the
commercial exploitation by CSIRO of nominated AAEC inventions.

At 30 June 1983, the Commission had 21 patented inventions of which 11 were
associated with the nuclear fuel cycle and 10 related to the practical use of nuclear
technology. A licence agreement was concluded with a NSW organisation for the
commercial exploitation of a hand-held radiation detector.

PATENTING OF INVENTIONS

Patent action associated with Commission inventions is summarised in Appen-
dix D. A number of patents having no commercial or defensive interest were allowed
to lapse or were abandoned. Sixty patents and applications associated with twelve
inventions were transferred to CSIRO for exploitation.
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SITE OPERATIONS AND SERVICES

sa^

Although primarily a research establishment, the Lucas Heights Research
Laboratories, like all other nuclear establishments, supports a relatively large
technical infrastructure to operate its facilities and provide specialised services. The
size of this infrastructure is essentially independent of the number of research
workers at Lucas Heights. With the co-location of some CSIRO Divisions on the
site, the Commission now has the additional responsibility of providing support ser-
vices to these Divisions.

HIFAR OPERATIONS

OPERATION

During the past year, the reactor HIFAR operated at full power for 7,483 hours
and scheduled shutdowns for refuelling and maintenance accounted for 1,412 hours.
Unscheduled shutdowns were attributable to:

• Industrial action — 38 hours
• Loss of mains power supply — 31 hours
• Minor plant outages — 65 hours
• Late start-up following scheduled refuelling and maintenance — 43 hours.

A total of 17.022 kg of uranium oxide and 18.7 kg of molybdenum trioxide
were irradiated during the year for the purpose of producing technetium 99m used in
diagnostic medicine. In addition, 1.296 kg of tellurium oxide targets were irradiated
to pmduce iodine 131 for diagnosis and treatment of thyroid disease. A quantity of
350 grams of iridium was irradiated for industrial radiography sources.

An average of 10 irradiation rigs were used throughout the year to irradiate
cobalt and produce cobalt 60 for cancer treatment in medicine and for industrial

49



radiography. One irradiation rig was used to produce radioactive chromium for the
labelling of sand used to trace the movements of tidal sand in Moreton Bay,
Queensland. One rig was used to irradiate six samples of SYNROC in support of the
development of this material as a medium for the long-term storage of high-level
radioactive waste.

DIDO USERS' MEETING

DIDO is a class of British-designed heavy water (deuterium oxide (D2O))
moderated and cooled research reactor whose concept was based on the world's first
heavy water research reactor CP3 which commenced operation in the US in 1944.
The original DIDO reactor was commissioned at Harwell, Berkshire, UK, in
November 1956. HIFAR, which is of this class of reactor, commenced routine full-
power operation in January 1960.

Senior reactor operating staff of DIDO-class reactors from the United
Kingdom, West Germany, Denmark and Australia meet at 18-month intervals to ex-
change information on operating experience of these reactors.

The most recent meeting was held at Lucas Heights from 11-14 October 1982.
Eight overseas visitors attended — two from the FRG, two from Denmark and four
from the UK.

HIFAR REFURBISHING PROGRAM

Prior to the commencement of the HIFAR refurbishing program, an earlier
program of modifications was undertaken by the Reactors Department, which was
directed to the containment building and the emergency core cooling system. This
initial program was completed in December 1982.

The HIFAR refurbishing program continued throughout 1982-83 and to date
approximately one-fifth of the $4.7 million allocated to the program has been
expended.

Mention was made in the Commission's Annual Report for 1981-82 of the
various safety systems included in this program. Their upgrading will enable com-
pliance with current safety and reliability goals.

Replacement of the reactor protection system is at the stage of conceptual
design. This system automatically shuts down the reactor and initiates the s tar t ing of
various safety systems when normal operating limits are exceeded by a pre-
determined margin. Modern safety practice requires that the reactor protection
system should be separate from and independent of the plant-control system. The
new design will provide greater independence than now exists, with more consistent
logic, and with hardware of modern design.

The init ial emphasis of the program was placed on the design and installation of
the new electrical power supply. The design of this system has been almost com-
pleted by the consultants and specifications have been written for the supply of elec-
trical equipment. Construction has commenced on the building to house the new
equipment.
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The main, used-fuel storage block, located within the reactor containment
building, is used to store fuel elements immediately following their removal from the
reactor core. In line with the objectives of the refurbishing program, proposed
modifications to the storage block will reduce the possibility of inadvertent loss of
cooling to the used fuel. The design for the modifications, which involves replacing
the existing tank with a double-skin tank, is nearing completion.

"MOATA"

"Moata" has now completed 22 years of operation as a research reactor and is
used as a neutron irradiation source for a wide range of applications. These include
neutron activation analysis, neutron radiography, fission track methods and
uranium analysis of ores, teachings and waste.

The inspection of fuel plates by the Materials Division's Metallurgy and Assess-
ment Section continued during the year. All plates examined were found to be in
good condition.

3 MeV ACCELERATOR

The 3 MeV Van de Graaff Accelerator has operated for more than 70,000 hours
since being commissioned in 1964. Annual experimental usage is approximately
1,500 hours at present, with most users requiring shorter irradiation times than
previously. This reflects the increased utilisation of the accelerator in technological
applications and the decrease in its use for basic research.

A wider range of particles can now be accelerated, including beams of oxygen,
nitrogen and carbon. New facilities being installed on the accelerator beam lines in-
clude a goniometer system (predominantly for CSIRO use), an X-Y manipulator for
use by the Australian Inst i tu te for Nuclear Science and Engineering, and a mult i -
angle detector system for Commission use.

HEALTH AND SAFETY

The Commission's Health and Safety Division is responsible for providing and
maintaining a safe and healthy work environment for AAEC and CSIRO personnel
at the Lucas Heights Research Laboratories. To meet these responsibilities, the divi-
sion is organised into three functional sections, these being Occupational Health
Services, Health Physics and Safety Services, and Occupational Hygiene Services.

OCCUPATIONAL HEALTH SERVICES

The Occupational Health Services Section provides pre-employmcnt and
periodic medical examinations of employees in support of the occupational health
program. A total of 1,039 medical examinations were performed during the year and
14,787 pathology tests.

51



The Site Medical Officer also undertakes a modest occupational health research'
program associated with blood-flow dynamics and absorption of heavy metals into
the human body. Research also is being conducted into bioassay methods, par-
ticularly those related to exposure to uranium and the rate and route of its elimina-
tion from the body.

HEALTH PHYSICS AND SAFETY SERVICES

The Health Physics and Safety Services Section is responsible for providing ser-
vices and advice to the Lucas Heights Research Laboratories (LHRL) in relation to
health physics, industrial safety, ventilation safety, internal and external dosimetry,
emergency organisation, safety training and fire protection and prevention.

Health physics support is provided to all parts of the LHRL where ionising
radiation is being used. A twenty-four hour service, seven days a week, is provided
to HIFAR activities and on-call services to the remainder of the laboratories. The
major health physics work during the past year was associated with the decon-
tamination of former radiological laboratories for use by the CSIRO.

Industrial safety services are provided in support of all activities conducted at
LHRL. Routine inspections of workplaces and laboratories are conducted, with par-
ticular emphasis on safety of cranes, hoists, lifting devices, pressure vessels, high-
pressure gas installations, machine safety and eye protection.

A ventilation safety group is responsible for monitoring and control of ventila-
tion systems, including filtering devices for airborne effluents. This group monitors
radioactive airborne effluents to ensure compliance with approved NSW Govern-
ment emission limits. All discharges of airborne effluent from the site met the re-
quirement., of the State Authorisations.

EXTERNAL AND INTERNAL DOSIMETRY

Radiation doses to staff whose work involves possible exposure to ionising
radiation are monitored individually and detailed dose-history records are main-
tained.

The highest individual whole body (penetrating) dose recorded for the calendar
year 1982 was 22.8 millisieverts (mSv). This represents 45.6 per cent of the annual
whole body dose limit of 50 mSv for occupational exposure, recommended by the
National Health and Medical Research Council and the International Commission
on Radiological Protection (ICRP).

Three-tenths of this annual limit is the level of dose below which, on ICRP
recommendations, individual monitoring of doses is unnecessary. In the calendar
year 1982, only three individuals received a dose above this three-tenths level. The
highest individual tissue (skin) dose recorded for the calendar year 1982 was 246.27
mSv. This represents 49.3 per cent of the annual tissue dose limit of 500 mSv for
occupational exposure.
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Human Ear

The Health and Safety Division tests employees at least annually as part
of the Commission's hearing conservation program. In the audiometric
testing facility, the occupational health nursing sister conducts a test on a

member of staff.

Staff working in the HIFAR reactor continued to be biologically monitored by
urine analysis. The highest individual whole body dose for trit ium in any one
exposure was 2.0 mSv.

OCCUPATIONAL HYGIENE SERVICES

The occupational hygiene program of environmental monitoring of the
workplace continued. During the year, a toxic-chemical control program was in-
troduced, aimed at monitoring the purchase, storage and use of all chemicals. The
hearing conservation program was reviewed and a routine audiometric testing pro-
gram implemented.

SAFETY TRAINING

In keeping with the general safety policy of LHRL, safety training was provided
in a range of subjects for the period covered by this report. This was in addition to
the standard safety induction courses conducted for new employees. Subjects such
as safe handling of chemicals, ergonomics, kinetic lifting and specialised use of
breathing apparatus were covered in training programs. Approximately 380 Com-
mission employees were given some form of safety training in addition to training of
personnel from external organisations, e.g. Australian Federal Police.
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EMERGENCY PLANNING

The Local Liaison Working Party consisting of officers of the AAEC, the
Health Department of NSW, the NSW Police Department, the NSW State
Emergency Services and the NSW Board of Fire Commissioners met several times
during the year to review the plans for dealing with emergencies at LHRL that could
affect the public. An emergency exercise was conducted to familiarise AAEC
emergency personnel with their respective roles.

SERVICES TO OTHER ORGANISATIONS

The Commission provided 161 man-days of effort on radiation-monitoring
operations during rest and recreation visits of nuclear-powered warships of the US
Navy (see Chapter 5). Each of these visits involved the detachment of radiation
protection officers on continuous duties for the period of the visits. This effort
imposed considerable strain on the resources of the Commission's Health and Safety
Division.

The Duty Safety Coordinator roster is maintained so that a professional officer
from Health and Safety Division is on call to deal with any safety-related incidents
at LHRL at any time. The Duty Safety Coordinator is available also to respond to
any calls from Sydney Airport (Kingsford-Smith) relating to damaged packages con-
taining radioactive materials. For the year ending 30 June 1983, five such responses
were required. No release of radioactive material was involved and no person was at
risk from these incidents.

Commission employees were involved in both phases of 'he return to earth of
the Russian nuclear-powered satellite, Cosmos 1402. The Chief, Health and Safety
Division, provided professional advice to the Natural Disasters Organisation Head-
quarters, and 14 professional and technical staff provided 57 man-days with the
Armed Forces Task Force.

A training course in nuclear-powered warship monitoring was provided to
seven members of the Royal Australian Navy.

SAFETY ASSESSMENT AND INVESTIGATION OF INCIDENTS

Preliminary safety assessment of new and significantly different projects, safely
surveillance during operational phases, and a formal incident reporting and in-
vestigation system resulted in the Commission maintaining the excellent safety
record of previous years.

Of incidents reported for the year 1982-83, 5.5 per cent involved no injury,
about 12.6 per cent involved injuries during travel to work or recreation on Commis-
sion property, and the remainder were mainly minor work-related injuries such as
abrasions, sprains and strains. A few incidents involving possible exposure to toxic
chemicals, on investigation indicated negligible exposure to personnel. Only minor
incidents were recorded involving radioactive contamination of personnel. In cases
where small amounts of radioactive material were taken into the body, investigation
indicated that the levels of intake were small and well below limits recommended by
the International Commission on Radiological Protection.
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CLAIMS FOR WORKERS COMPENSATION

A total of 64 claims for Workers Compensation were lodged during 1982-83
year. The majority of these covered sprains, strains, cuts or abrasions.

SAFETY COMMITTEES

The following safety-related committees operated at the AAEC Research
Establishment during the year:

• Joint Advisory Committee on Safety and Health Policy (JACSHP)
• Joint Advisory Committee on Safety and Health Operations (JACSHO)
• Safety Assessment Committee
• Compensation Claims Consultative Panel.

The Safety Review Committee visited the Research Establishment twice during
the period (see Chapter 1).

COMPUTING SERVICES

The Commission's Applied Mathematics and Computing Division again pro-
vided a comprehensive computing service and specialised programming and
mathematical advice to both the Commission and CSIRO personnel at Lucas
Heights and to a number of external users through the Australian Institute of
Nuclear Science and Engineering.

An overall view of the operating area of the Commission's central com-
puter installation at the Lucas Heights Research Laboratories.
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The central computing facilities are based on an eight-megabyte IBM 3033S
mainframe computer running an MVS/SP1.3 (Multiple Virtual Systems) operating
system. These facilities are interconnected to a number of smaller computers
distributed around Lucas Heights, forming a local area computer network (see
Chapter 2).

Approximately 10,000 jobs are processed each month for 300 users, with a
weighted average turnaround time of 7.3 minutes for an average job-processing time
of 0.35 minutes.

A major enhancement to the central computer system during February and
March 1983 resulted in a doubling of the disk storage capacity (from 3.81 gigabytes
to 7.56 gigabytes) and a doubling of the disk channel speed (from 1.5 to 3.0
megabytes per second). This was achieved by replacing the six IBM 3350 disk-
storage modules by three of the newer 3380 disk-storage modules and by installing
the data streaming feature on the IBM 3033S central processing unit.

The Commission's Computer Network continued to provide support for more
than 80 terminals and a number of minicomputers. While these are used mainly to
gain access to the central computer, they can also access other network resources,
including the PDP11 based UNIX operating systems.

Four automatic answering modem lines attached to a DGC Micronova com-
puter provide remote terminal access to the Lucas Heights Research Laboratories,
while an automatic calling unit attached to the Library's UNIX based PDP11/34
system provides site access to remote computer networks.

SITE INFORMATION SERVICES

The Commission operates a technical information service for AAEC and
CSIRO establishments at the Lucas Heights Research Laboratories, and for the
AAEC Regulatory Bureau and to a unit of the Bureau of Mineral Resources,
Geology and Geophysics situated at the Commission's office at Mascot, NSW.
Facilities include editorial, printing, photographic and library services.

The Editorial Section assisted research staff in all aspects of the publication of
their work in the international scientific press and in the Commission's own report
series. The papers accepted and reports issued during the year are listed in
Appendix E.

The Library at Lucas Heights, together with its small branch library at the
Mascot office, has 44,000 monographs, 1,100 periodical titles, 230,000 hardcopy
and 350,000 mjcrofiche technical research reports, patents and standards, and a col-
lection of AAEC reprints and reports. It is the Australian information centre for
nuclear science and technology and is increasing its collection of general energy
research material to serve CSIRO units.

The serials holding and AAEC publications lists and the report loans system
have been put into a computer database. The internationally available DIALOG and
ORBIT databases are used and increasing use is being made of the databases offered
by the Australian Medline Network. The latter includes medical literature from 1966
and references and data on the toxicological properties of more than 30,000 com-
pounds. A demonstration database has been constructed for details from over 1,000
Australian energy-related patent documents.
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A significant advance was made in the Commission's participation in the Inter-
national Nuclear Information System (INIS) by making the database INIS available
on-line to Australian users from Lucas Heights. The database is very large, contain-
ing more than 700,000 references to world nuclear documents published since 1972.
Access to the database is by dial-up lines directly to the AAEC or from late 1983 by
the Australia-wide CSIRO network. The response of research organisations and in-
formation specialists to demonstrations of the wide coverage of scientific disciplines
in the database has been very favourable.

WASTE MANAGEMENT

Waste-control systems and services operated satisfactorily. The discharge of
treated effluent via a pipeline to the Metropolitan Water Sewerage and Drainage
Board's sewer continued to be substantially lower in radioactivity than limits out-
lined in the regulations of the New South Wales Radioactive Substances Act 1957,
and also met the Board's regulations for other pollutants.

The small volumes of high-level liquid waste containing mixed fission products
arising from the production of radiopharmaceuticals were transferred into shielded
storage tanks on the Lucas Heights site.

Low- and medium-level solid wastes are compacted and continue to be stored
on site in sealed drums under weatherproof conditions. High-level solid waste was
placed and retained in dry, concrete storage holes. Irradiated used HI FAR fuel
elements, after storage in ponds to allow short-lived radioisotopes to decay, were
transported to shielded facilities and stored under a dry, inert atmosphere.

Hazardous non-radioactive solid waste and unwanted toxic chemicals were
disposed of through a State Government-approved industrial waste collection con-
tractor.

ENVIRONMENTAL MONITORING

Discharges of low-level liquid wastes to the Woronora estuary were discon-
tinued in July 1980 and monitoring of that system has been reduced to the
measurements of cobalt 60 in the riverweed Zostera. Small and diminishing
quantities of cobalt 60 persist in this organism.

Air samplers installed along the boundary of the Lucas Heights Research
Laboratories have been in operation for more tha.j two years and have detected
traces of iodine 131 which resulted from small releases associated with the produc-
tion of radiopharmaceuticals. All readings have been at or only slightly above the
limit of detection (0.003 Bq m-3). The allowable air concentration for the most sen-
sitive individuals in the population (i.e. children) based on the recommendations of
the International Commission on Radiological Protection is 10 Bqm~ 3 . These
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measurements have served to prove the effectiveness of the air-sampling method
which is intended to replace reliance on cows' milk from Menai as an external
monitor for release of radioiodine. Iodine 131 is routinely monitored at the in-
dividual stacks.

Routine monitoring of groundwater and soil at the Little Forest burial ground
continued and samples collected from the area immediately outside the boundary
fence contained naturally occurring radioactivity only. Surface soil from the region
of the trenches within the perimeter fence was sampled more extensively as a prelude
to the periodic top-dressing of the area.

Routine environmental surveys of the radioactivity in the storm-water drains on
and from the site were continued. Levels of radioactivity detected were low and
represented no definable health consequences to either the public or staff members.
Work is continuing to reduce the levels of radioactivity even further.

ENGINEERING PROJECTS

The Engineering Projects Section provided a multidiscipline engineering service
covering design, development and project management in support of the research,
operations, and capital works programs of the Commission and CSIRO at Lucas
Heights. It is responsible also for assessing and approving all designs of pressure
vessels, lifting equipment, radioactive transport packaging and sealed sources, and
provides a consulting service on noise control, electrical interference and irradiation
of materials in HIFAR,

Work carried out during the year included the following:

• A hot press of 350 tonnes capacity and 2.25 metres stroke was designed and in-
stalled for development work on the conversion of SYNROC powder to solid
at high temperatures (up to 1,100°C) and high pressures in full-size SYNROC
canisters.

• A rig, some 61 metres long, was designed and is being installed for the correla-
tion of radioisotope gas-flow measurement techniques with measurements
made by the most accurate conventional methods at flow rates commonly en-
countered in industry.

• A high-pressure thermobalance was designed and built for the CSIRO Division
of Energy Chemistry for the accurate determination of reaction kinetics in
shale oil conversion at pressures and temperatures up to 7 megapascals and
1,000°C.

• Irradiation rigs were designed and built for use in HIFAR to irradiate
materials for isotope production and experimental work for Materials Divi-
sion. Many of these irradiation rigs are placed inside hollow fuel elements and
therefore must be designed to work in a high neutron and gamma flux environ-
ment and be compatible with the heavy water reactor coolant and moderator.
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DRAWING OFFICE UPGRADING

A number of Federal and State departments and instrumentalities and some
large industrial concerns were surveyed to provide a basis for improving the produc-
tivity and information retrieval systems of the drawing office. This covered both
computer-aided drafting, and retrieval and storage systems for drawings and
specifications. The results of the computer-aided draf t ing survey are being
evaluated. Definite recommendations were made for the retrieval and storage
system, and some of these recommendations have been implemented and are prov-
ing very effective.

PACKAGES FOR THE TRANSPORT OF RADIOACTIVE MATERIALS

Upgrading the design of Commission-owned packages, to meet the latest IAEA
Regulations for the Safe Transport of Radioactive Materials, continued during the
year. One new design, completed during the period, was a returnable package for
daily deliveries of medical radioisotopes to local hospitals. Seventy-five of these
packages were built , issued with construction and inspection certificates, and are
now in service.

Several existing package designs were modified, either to allow them to carry
isotopes, other than the ones for which they were originally certified, or to meet the
requirements of the latest regulations. When required by IAEA and Australian
regulations, these design changes were submitted to, airJ approved by, the
Australian Competent Authority (either the Department of Transport or the Depart-
ment of Aviation).

PRODUCTION, WORKS AND MAINTENANCE

PRODUCTION

A program was commenced to upgrade the productivi ty and efficiency of the
Commission's production workshops. Emphasis was placed on the introduction of
new technology such as computer-controlled equipment and associated tooling. The
successful application of new technology involves considerable expenditure on train-
ing.

A review of quality assurance and manufactur ing procedures also was under-
taken. The formalising and documenting of procedures led to the rationalisation of
essential paperwork and fur ther improvements are expected with the gradual in-
troduction of computer technology to this area.

APPRENTICES

The number of apprentices in training during the year was increased from 36 to
40 and covers the following trades: f i t t ing and machining, sheetmetal work, carpen-
try and joinery, plumbing, electrical f i t t e r mechanic, painting and decorating, and
printing machining.

Three apprentices from the Commission participated in the Work Skill
Australia (Sydney Region) competition held at the State Rail Authori ty Workshops,
Chullora, to select apprentices for the final competition in Melbourne.
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WORKS

The Commission's Works Section is responsible for all new construction and
maintenance programs carried out under contract for the AAEC in the area of civil
engineering, building construction, ventilation and site services. The majority of
work is undertaken by contractors and, where appropriate, to nuclear industrial
standards.

With the establishment of the CSIRO Division of Energy Chemistry at the
Lucas Heights Research Laboratories, new research and development projects have
commenced. Some of these new projects have necessitated the refurbishing, decon-
tamination and upgrading of existing buildings.

A number of new AAEC facilities are under construction or are being commis-
sioned: e.g. a large extension to the environmental science building, a new site-
monitoring installation, new health and safety laboratories, and a seismic resistance
building to house HIFAR's new electrical power supply.

Building maintenance funds are being increased progressively to allow the
existing breakdown-maintenance system to be replaced by cyclic planning for
minimum cost. However, two years will be required to introduce an effective
rearrangement.

SITE PLANT AND MAINTENANCE

The primary function of site plant and maintenance is to administer and co-
ordinate all activities associated with the maintenance and operation of site plant
and services. A total of 96 staff is involved in these activities. During the year, some
5000 service requests were fulfilled and included repair and maintenance of plant
and equipment, manufacture and installation of specialised equipment, modifica-
tion and repair of laboratories and offices, and installation of specialised rigs and
experimental equipment.

The sum of approximately $100,000 was spent on service agreements and con-
tract work for the repair of electrical and mechanical services, high- and medium-
voltage switchgear and cabling, standby generating plant, electrostatic precipitrons,
fire alarms and overhead and mobile cranes.

As facilities at the Lucas Heights Research Laboratories age, an increasingly
higher proportion of trade effort is being expended on maintenance, the current pro-
portion being 65 per cent of total effort.

Examples of important maintenance projects during the year included substan-
tial electrical trade effort to install and commission electrical wiring associated with
the HIFAR emergency core cooling system, and mechanical, electrical and plumbing
services associated with the SYNROC project.

Technical and trade staff were heavily involved in a major redistribution of the
site electrical reticulation system. In the course of this work, a new high-voltage
switchboard in Sub-Station No. 7 together with a redistribution of high-voltage
cabling between the Sydney County Council No. 3, No. 6 and No. 7 Sub-Stations
was completed. Concurrent wi th this work, protection relays and all transformers in
the site sub-sections were serviced.

An energy management and conservation program was introduced to Lucas
Heights with the issue to staff of an Energy Conservation Newsletter on the impor-
tance of conserving electricity and on methods of load management.
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Electrical peak demand is being monitored continuously and maximum peak
demand levels for each monthly period have been set at 10 per cent lower than the
averages for the corresponding previous three-year periods. Staff are requested to
shut down unnecessary electrical loads when the maximum demand approaches a
designated demand level.

An independent energy audit was arranged with the Federal Department of
Housing and Construction and the purchase of new monitoring equipment is
planned.

An energy conservation four-year program associated with the electrification of
building heating loads is well advanced and, when completed, the high-pressure hot
water boilers at Lucas Heights will be decommissioned and mothballed. Savings in
fuel cost and manpower are anticipated.

TESTING AND INSPECTION

In addition to the certification of items and services covered by statutory,
national or international requirements, the Commission's testing and inspection
staff performed simulated tests on various proprietary items to determine their
suitability and integrity for use in the HIFAR refurbishing program. A typical
example of this type of work involved the environmental testing of a number of
Honeywell sensors for the HIFAR space conditioning system over a period of 500
hours.

All of the testing and inspection functions are covered by stringent quality con-
trol, and recently introduced quality assurance programs based on recommenda-
tions of the International Atomic Energy Agency.

LABORATORY ANIMAL RESOURCES

Supply by the Commission of research-grade laboratory rodents continued and
turnover was expanded slightly. Cost was offset by additional external support
funding of staff.

Macquarie University received on request a foundation stock of disease-free
rodents from the Commission to re-establish a "clean" colony in their animal
facility.

During the year, the Commission's Animal Resources Group, in response to
various requests, provided consultation and advice to the Ludwig Insti tute for
Cancer Research (Sydney), University of Newcastle, University of NSW, University
of Sydney, and the Government of Malaysia through the IAEA.
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5

REGULATORY BUREAU

INTRODUCTION

The Commission's Regulatory Bureau is directly responsible to the Chairman
of the Commission, and is housed separately from the Research Establishment. The
separation of operational and regulatory responsibilities was advanced further dur-
ing the year by redefining the Bureau's role.

The Director of the Regulatory Bureau was made responsible for technical ad-
vice to the Chairman, for executive action as required for the regulation of health
and safety aspects of specified Commission operations and for the Commission's in-
volvements in the regulatory activities of national and international organisations.
The Commission operations, specified to date, are the operation of the reactors
HIFAR and "Moata" and the Critical Facility. External matters include visits by
nuclear-powered warships, the drafting of codes under the Nuclear Codes Act, and
international and domestic regulations for the carriage of radioactive materials. The
function of the Safety Review Committee to review periodically the health and
safety standards and procedures of the Commission is not affected by the changes.

REGULATION OF COMMISSION OPERATIONS

AUTHORISATION OF REACTOR OPERATION

A major task was the preparation of a formal Authorisation for the operation
of the reactor HIFAR under the new arrangements. The Authorisation was approv-
ed formally by the Commission in June 1983, and permits the Director, Research
Establishment, to operate the reactor subject to meeting safety-related requirements
incorporated in Schedules to the Authorisation.

Some requirements call for Commission endorsement of the arrangements pro-
posed by the Director, Research Establishment, to meet the specified objectives.
Commission endorsement is formalised by the issue of Approvals and in reaching a
decision the Commission takes account of the views of the Regulatory Bureau.
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Other schedule requirements place general obligations on the Director, Research
Establishment, including those related to the responsibilities of established site ser-
vices in health and safety, radiation protection and waste management, with respect
to the reactor.

The arrangements are constantly reviewed and those of major safety
significance cannot be amended by the Director, Research Establishment, without
prior review by the Bureau and agreement by the Commission. Safety-significant
modifications to the reactor plant receive special attention. Amendments to other
approved arrangements can be made by the Director, Research Establishment, sub-
ject to notification to the Bureau which will alert the Commission to any amendment
it considers could significantly affect reactor safety. These procedures are designed
to provide the Director, Research Establishment, with the necessary operational
flexibility.

HIFAR has operated very safely for 23 years since achieving full-power opera-
tion in January 1960. The most immediate benefit of the Authorisation and
Approval system is to integrate on a formally approved basis all technical and
administrative factors which have assured safety to this date. The future benefit will
be the achievement of a more coherent and specific safety discipline and a com-
prehensive agreed basis from which to judge the safety implications of any proposed
changes to procedures or modifications to plant. The work has assisted in the
identification of some arrangements which should be strengthened, and in these
cases the Commission has issued an Interim Approval which is subject to continuing
review. Also, in the case of approved arrangements, continued review can be ex-
pected to reveal opportunities for improvement whose priori ty can be better judged
against the background provided by the Authorisation.

A draft Authorisation for the reactor "Moata" is being prepared.

LAND USE RESTRICTIONS AT LUCAS HEIGHTS

Mandatory engineering modifications to HIFAR for Bureau concurrence in the
l i f t ing of the land use restrictions outside the 1.6 kilometre radius exclusion zone
around HIFAR (see Thirtieth Annual Report 1981-82, p.73) were completed
satisfactorily. These were the provision of an automatic emergency core-cooling
system and upgrading the reliability of the containment building. The design, in-
stallation and commissioning work were approved by Bureau engineers.

The Commission then required the Bureau to provide urgent and specific advice
on the lifting of restrictions on land use beyond the 1.6 kilometre radius exclusion
zone. The Bureau based its advice on an assessment of the risks to individuals
beyond the zone from accidents to HIFAR. Potential accidents of safety
significance had been identified in previous Commission studies and attention was
concentrated on those judged to be potentially serious in terms of risk to members of
the public. These included a range of power excursions and loss of coolant accidents
which would require emergency cooling to prevent core melting, accidents involving
fuel handling and storage, and several externally initiated accidents such as aircraft
crashes.

The objective of the assessment was to determine an upper l imit of risk to in-
dividuals beyond the 1.6 kilometre radius exclusion zone. Very conservative
assumptions were made of both the consequences and probability of accidents. For
example, it was assumed that a core melt-down would release a substantially higher
fraction of the radioactive inventory than is currently believed to be possible in
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serious reactor accidents. It was also assumed, for all cases considered, that the con-
tainment would not be effective.

The risk was assessed as being exceedingly low, lower for example than the
levels of risk being proposed by the United States Nuclear Regulatory Commission
in its Safety Goals for Nuclear Power Plants.

In February 1983, on Bureau and Research Establishment advice, the Com-
mission decided that the continued operation of the H1FAR reactor requires no
restrictions on the use of land outside the 1.6 kilometre radius zone. This does not
mean that existing emergency preparedness plans are no longer considered
necessary; they will be maintained and, as appropriate, further developed.

HIFAR REFURBISHING

In addition to the above engineering modifications, the Commission embarked
on a five-year refurbishing program to update and replace ageing equipment and
systems. This program was initiated during the previous reporting period.

Since the modifications covered in the refurbishing program will have safety
significance, they will be subject to regulatory review. After the Commission's ap-
proval of each modification in principle, progress through design, installation and
commissioning will be subject to a stage-by-stage endorsement by the Commission.

Priority was given to refurbishing the electricity supply system because the
reliability and performance of power supplies is of fundamental importance to the
operation of some important HIFAR safety systems, such as the emergency core
cooling system. During 1982-83, proposals for upgrading the electricity supply
system were reviewed and the Research Establishment ini t iated detailed design. This
will provide the basis for fur ther review and Commission endorsement of the ac-
quisi t ion and installat ion of equipment.

SEISMIC RISK

A study of the seismicity of the Lucas Heights site was completed by the
Department of Housing and Construction. The study used two assessment methods
(determinism and probability), but the report stressed the considerable uncertainty
in both treatments, requiring further work. Since it will take a long time to reduce
the uncertainties, the Bureau has, for the time being, adopted deterministic criteria
which take into account both the above study and overseas practice.

The use of probabilistic criteria would facilitate HIFAR risk studies, so any
seismic studies which could assist in reducing the uncertainties in the probabilistic
treatment in the Department of Housing and Construction study will be closely
monitored.

EXTERNAL REGULATORY MATTERS

VISITS BY NUCLEAR-POWERED WARSHIPS

Under Commonwealth Government arrangements, the Commission is a
technical adviser to the Department of Defence on the nuclear safety aspects of the
acceptance of nuclear-powered warships into Australian ports. The Commission
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makes technical assessments, liaises with the Department of Defence, and provides
radiological monitoring support during visits.

The technical factors affecting the safety of visits by nuclear-powered warships
are explained in the report, Environmental Considerations of Visits by Nuclear-
Powered Warships to Australia, tabled by the Prime Minister in Parliament on 4
June 1976.

The warships must be berthed only at locations and under conditions such that,
in the unlikely event of a reactor accident, they could be removed to a remote loca-
tion before members of the public received radiation exposures in excess of defined
emergency limits laid down by the National Health and Medical Research Council.
In December 1982, the then Minister for Defence announced amendments to the
General Conditions of Entry for Nuclear-Powered Warships, as published in the
report of 1976.* They primarily concern the provision of stand-by towing facilities
for certain classes of warships with multireactors and the acceptance of warships
with reactor powers greater than 100 megawatts into Australian ports. Technical ad-
vice was provided to the Department of Defence on these amendments.

In response to a ministerial request, technical support was provided to the
Department of Defence at a meeting with the Australian Ionising Radiation Ad-
visory Council (A1RAC) to brief AIRAC on the current basis for, and the
arrangements applicable to, visits by nuclear-powered warships, in particular those
relating to port safety organisations.

The Government of Western Australia sought the guidance of the Department
of Defence in improving and updating its Port Safety Scheme. In response, a draft
Model Port Safety Scheme has been produced, with inputs from the Commission
and the Natural Disasters Organisation, for their consideration.

United States Navy nuclear-powered warships, in 1982-83, made 11 visits to
Australian ports. Of these, eight were to HMAS Stirling in Cockburn Sound,
Western Australia, and one to Gage Roads, Fremantle, Western Australia, one to
Hobart, Tasmania, and one to Jervis Bay, NSW. On each occasion, radiation levels
in the vicinity of the vessels were monitored by Commission officers, assisted in
some instances by Royal Australian Navy personnel. The monitoring did not pro-
vide any evidence of a measurable increase in radiation above background levels.

REGULATION OF THE MINING AND MILLING OF RADIOACTIVE ORES

Assistance was given in the development of Guidelines on various aspects of im-
plementing the Code of Practice on Radiation Protection in the Mining and Milling
of Radioactive Ores 1980, and the Code of Practice on the Management of Radio-
active Wastes from Mining and Milling of Radioactive Ores 1982, through participa-
tion in Working Groups of the Commonwealth/State Consultative Committee on
Nuclear Codes. Eleven Guidelines on various aspects of the Radiation Protection
Code are available and two on aspects of the Waste Management Code.

At the request of the Department of Home Affairs and Environment, a review
was made of the draft Environmental Impact Statements for project proposals con-
cerning mining of the copper-uranium deposits at Olympic Dam, South Australia,
and in situ leaching of uranium at Beverley, South Australia.

A review of available information on mortality, particularly from lung cancer,
among miners exposed to radon daughters in the USA, Czechoslovakia, Sweden and

'Hansard, House of Representatives, 8 December 1982: 3078-3080.
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Canada (see 30th Annual Report 1981-82) concluded that exposure over a full work-
ing lifetime at the current standard (four working level months per year) could in-
volve a risk of death from radiation-induced cancer greater than that from exposure
to gamma radiation over a full working lifetime at the recommended occupational
limit for whole body irradiation (50 millisieverts per year) set by the National Health
and Medical Research Council. However, further investigation suggests that despite
the higher-than-expected level, the risks to miners in proposed Australian
underground .uranium mines are likely to be low because planned ventilation rates
will result in radon levels well below current standards and the employment turnover
rate of workers is likely to be high. An epidemiological survey would be unlikely to
show a significant difference between the lung cancer mortality rate in Australian
uranium miners and an appropriate cross-section of the general population.

MANAGEMENT OF RADIOACTIVE WASTES

The Bureau contributed to the work of the joint Commonwealth/State Com-
mittee reviewing national arrangements for wastes arising from the medical, in-
dustrial and research use of radionuclides and to associated Commonwealth inter-
departmental activities. Several aspects of the shallow land burial of low-level and
medium-level solid radioactive wastes were considered.

TRANSPORT OF RADIOACTIVE MATERIALS

The International Atomic Energy Agency's (IAEA) Regulations for the Safe
Transport of Radioactive Materials have been adopted almost universally and are
the basis for the Commonwealth's Code of Practice for the Safe Transport of
Radioactive Substances promulgated in 1982 under the Environment Protection
(Nuclear Codes) Act. In 1980, the IAEA set up an Advisory Group of experts to
review their regulations. The Commission coordinated Australian comments on a
draft revision of the regulations issued by the IAEA in 1982 to Member States. With
comments from other Member States, they will be reviewed by the IAEA Advisory
Group in November 1983. Revised regulations are expected to be issued in mid-1984.

The 30th Annual Report noted IAEA work on assessment of the risks from
world-wide transport of radioactive materials. A lack of comparable transport acci-
dent statistics for different countries is a major impediment to the development of a
universal assessment program. Emphasis has therefore been concentrated on the
routine radiological impact of transport conducted in accordance with the the IAEA
Transport Regulations. The number of Australian shipments of radioactive
materials is small compared with that of Europe and North America, but the studies
are under close review to determine whether the assessment techniques ultimately
developed have local application.

OVERSEAS SAFETY AND REGULATORY
PRACTICES

A close interest is maintained in overseas-developments which can:
• influence the approach to regulation of the Commission's own reactors;
• provide guidance for possible regulatory procedures to apply to other nuclear-
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related activities in Australia such as the storage or disposal of radioactive
wastes; or

• provide a perspective for assessments of the status and effectiveness of safety
and regulatory practices in the world-wide nuclear industry and on progress in
improving these practices.

INTERNATIONAL COLLABORATION

A principal objective of the OECD Nuclear Energy Agency is to improve inter-
national cooperation in nuclear safety. The Agency's work in this area is directed by
the Committee on the Safety of Nuclear Installations (CSNI) and a CSNI Sub-
Committee on Licensing discusses regulatory issues. The Commission is in contact
with these committees in several ways.

In February 1983 the OECD Council formally endorsed an Incident Reporting
System operated by the OECD Nuclear Energy Agency (NEA) on a trial basis since
1980 which has become a useful source of information on nuclear operating ex-
perience. Conclusions drawn from assessment of incidents benefit nuclear
regulatory authorities, power utilities and manufacturers and guide safety research.
The Regulatory Bureau gains an insight into the results of the scheme through par-
ticipation in the NEA Committee on the Safety of Nuclear Installations.

RADIOLOGICAL SAFETY

The IAEA, of which Australia is a member, published in conjunction wi th the
International Labour Organisation, the World Health Organisation and the OECD
Nuclear Energy Agency a revised edition of its Basic Safely Standards for Radiation
Protection. This incorporates the new system of dose limitation recommended by
the International Commission on Radiation Protection. It places increased emphasis
on the recommendation to keep all exposures to ionising radiation as low as
reasonably achievable, economic and social factors being taken into account.

REACTOR SAFETY GOALS

The Commission has under study the US Nuclear Regulatory Commission's
(USNRC) Policy Statement on Safety Goals for the Operation of Nuclear Power
Plants. The policy revises the draft proposals issued for public comment in early
1982 and mentioned in the 30th Annual Report 1981-82 (p.72).

The main change was the deletion from the draft proposals of the aim to make
societal risks as low as reasonably achievable. The majority view of the Nuclear
Regulatory Commissioners was that it was sufficient for regulatory purposes for a
plant to meet defined safety goals. Progress on the NRC policy will be followed with
great interest internationally.

67



6

INTERNATIONAL RELATIONS

INTERNATIONAL ORGANISATIONS

Access by the Commission to scientific research by other countries is facilitated
through bilateral and multilateral arrangements and through participation in the
work of international organisations, in particular the International Atomic Energy
Agency and the OECD Nuclear Energy Agency. Participation in the work by these
organisations is important to the Commission because it is possible to draw upon
and to participate in collaborative investigations in areas of common concern and it
reinforces the Commission's research programs in several areas. The Commission's
involvement also ensures that Australian views are reflected in the technical work of
the Agencies. Commission involvement is directed through Counsellors (Atomic
Energy), located in Australian Missions in Vienna and London. The Commission in-
teracts with the Agencies both as a nuclear science and technology research and
development organisation and as an operator of research reactors and associated
plant.

INTERNATIONAL ATOMIC ENERGY AGENCY

The International Atomic Energy Agency (IAEA) is concerned with the
development and peaceful utilisation of atomic energy. The Commission is involved
actively in the Agency's priority areas of safeguards and non-proliferation, waste
management, nuclear safety and technical assistance.

The Commission continued to assist Australian representation on the Agency's
goveining organs, the General Conference and the Board of Governors. In
September 1982, the then Chairman of the Commission, Professor D. W. George,
led the Australian Delegation to the 26th General Conference of the IAEA and at-
tended meetings of the Board of Governors. The Counsellor (Atomic Energy),
Australian Embassy, Vienna, also attended these meetings as well as meetings of the
Board in February and June 1983.

The Commission maintained a close interest in international waste management
investigations during the year. In addition, Commission officers presented papers at
the International Conference on Radioactive Waste Management, Seattle, in May
1983. The Commission continued its involvement in coordinated research programs
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on the Evaluation of Solidified High-Level Waste Forms, and on Environmental
Migration of Radium and Other Contaminants Present in Liquid and Solid Waste
from the Mining and Mill ing of Uranium. Participation in these programs and at-
tendance at meetings and conferences facilitate specific investigations by scientists
and contribute to the Commission's research programs.

The Commission continued its close interest in the Nuclear Safety Standards
Program and in the program on the Safe Transport of Radioactive Materials.

In collaboration with the Department of Foreign Affairs and the Australian
Development Assistance Bureau, the Commission continued its involvement in
nuclear technical assistance programs, particularly in relation to the Regional Co-
operative Agreement for Research and Development Training Related to Nuclear
Science and Technology for South Asia, South-East Asia and the Pacific or the Far
East (RCA). The AAEC is joint manager with the IAEA of an RCA project con-
cerned with developing isotope hydrological techniques as an additional investiga-
tional tool in countries of the region (see below). The Commission hosted a Project
Review Meeting in November 1982, and also hosted an RCA Non-Destructive
Testing Project Meeting in March 1983.

Other IAEA activit ies in which the Commission was involved during the year
included the following: nuclear fusion (primari ly through the IAEA Internat ional
Fusion Research Council), the use of radioisotopc techniques in sediment transpor-
ta t ion , management of wastes from uran ium mining and mi l l ing , nuclear data,
radiostcrilisation of medical supplies and areas associated wi th nuclear medicine.
The Lucas Heights Research Laboratories Library continued its close association
with the International Nuclear Information System (INIS).

To assist Member States evaluate the technical, safety and economic aspects of
nuclear power, the Agency, in September 1982, convened an Internat ional Con-
feience on Nuclear Power Experience. Papers t i t led, Research and Development in
Australia, by D. W. George and D. G. Walker, and Waste Management and En-
vironmental Controls in the Australian Uranium Mining Industry, by D. G. Walker,
R. M. Fry and I. W. Morison, were presented at the Conference by Professor
George and the Commission's Chief Executive Officer, Dr D. G. Walker, respec-
tively.

SAFEGUARDS INSPECTIONS

During the year IAEA safeguards inspectors visited the AAEC Research
Establishment on three occasions. The inspections were to verify that the Com-
mission is abiding by Australia's international obligations under the Treaty on the
Non-Proliferation of Nuclear Weapons (NPT).

The IAEA reported to the Austral ian Safeguards Office tha t each of the inspec-
tions was satisfactory. Officers of the Australian Safeguards Office also visited the
AAEC Research Establishment throughout the year. These visits were in accordance
with the operation of the Australian national system of accounting for and control
of nuclear materials.

IAEA REGIONAL COOPERATIVE AGREEMENT PROJECT

The second IAEA Regional Cooperative Agreement Project Review Meeting
was held at Lucas Heights during November 1982. It was attended by representatives
of the IAEA, Indonesia, the Republic of Korea, Malaysia, the Philippines, Sri
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Lanka and Thailand. The major commitments undertaken by the meeting were the
supply of t r i t ium enrichment i'acilities to Thailand and Sri Lanka and the training of
a scientist from Thailand.

Several new initiatives were reported b'y delegates. They included a study of the
isotope hydrology of the Cheju Island (Korea), of the Kedah-Perlis area (Malaysia),
of the Semarang area of Java, of the karst areas of Northern Thailand, and of parts
of the dry region of Sri Lanka.

A Commission officer visited Thailand and Malaysia to advise on the use of
caesium 137 techniques in sedimentology. Field work was initiated in the Songkhla
Lake Basin, Thailand, and the Sg Lui catchment, Malaysia.

Direct Australian financial contribution to the program ceased in 1983. Con-
tinued support for the activity has been foreshadowed through the IAEA regular
program of technical assistance.

OECD NUCLEAR ENERGY AGENCY

The OECD Nuclear Energy Agency continued with its aim as commenced in
1981 of increasing the relevance of the Agency's involvement in major policy ques-
tions affecting the economic and technical aspects of the nuclear fuel cycle. As a
means of facilitating this aim, a systematic reappraisal of the objectives and
strategies of the various Agency standing committees was completed. The overall
objective of the Agency in the above reappraisal has been to highlight the policy
significance of the results of the Agency's technical work for the benefit of national
decision makers.

The 25th anniversary of the Agency was marked at a special session of the
Steering Committee held on 21 April 1983.

Commission officers continued to take an active role in NEA technical
activities, primarily in waste management, radiation protection and nuclear safety.
The Counsellor (Atomic Energy), London, closely followed the work of the Agency
and participated in a number of NEA meetings of interest to Australia. Some of the
main NEA activities of interest to the Commission are described below.

Radioactive Waste Management

Work in the waste management area has been directed towards developing a
common understanding of how radiation protection objectives should be applied to
the long-term management of wastes, a study of the legal and administrat ive aspects
of waste management, an assessment of the state of the art in the management of
mill tailings, and examination of alternative techniques for the disposal of high-level
and long-lived waste in continental deep geological formations.

Another significant activity has been the development of an international
defini t ion of how a valid demonstration of high-level radioactive waste management
might be achieved. International agreement on such a demonstration program could
assist in the development and credibil i ty of national and in ternat ional waste pro-
grams.

Commission officers continued to participate in the Agency's waste manage-
ment activities, particularly in relation to mill tailings wastes and through participa-
tion in the Radioactive Waste Management Committee.
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Radiation Protection

The Agency has given attention to the means of implementing the new basic
radiation protection standards adopted in 1981 by the NEA, IAEA, the World
Health Organisation (WHO) and the International Labour Organisation (ILO). The
uniform application of the riew basic standards by national authorities is important
to ensure that national radiation protection standards are consistent. Particular at-
tention was given by the NEA to a study into the potential exposure of workers in
the uranium mining industry to naturally occurring radionuclides such as radon and
radon daughter products.

OVERSEAS REPRESENTATION

Mr J. M. Rolland represented the Commission as Counsellor (Atomic Energy),
Australian Embassy, Vienna, until December 1982. Mr W. J. Wright then replaced
Mr Rolland. Dr A. Jostsons continued to represent the Commission as Counsellor
(Atomic Energy), Australian High Commission, London.

OVERSEAS VISITS

Overseas travel provides opportunities for specialists to make and maintain
contact with overseas workers in their fields of specialisation and to exchange infor-
mation. It also provides opportunities for participation in the work of international
organisations and to gain information on developments in other countries. As well,
technical assistance is given to other countries in the scientific and engineering ap-
plications of nuclear techniques and in developing their own specialised facilities.
These activities contribute to the overall development of these countries.

The Commission utilised the quota of 23 overseas visits allocated by the
Oversea Visits Committee for 1982-83. An additional 27 overseas visits were made
by Commission officers for Commonwealth Government Departments and for
external bodies.
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7

INSTITUTIONAL RESEARCH
AND TRAINING

AUSTRALIAN INSTITUTE OF NUCLEAR SCIENCE
AND ENGINEERING

Universities and Insti tutes of Technology in Australia received assistance from
the Australian Institute of Nuclear Science and Engineering (AINSE) through
1982-83 in arrangements for cooperative use of the national facilities at Lucas
Heights, and in research and training in fields employing nuclear techniques or rele-
vant to nuclear science and engineering. More than 250 members of tertiary
academic insti tutions spent a total of over 2,800 man-days at Lucas Heights under
AINSE auspices in the calendar year 1982. Fields of activity included fusidn energy,
radiation chemistry, nuclear physics, radiation biology, various engineering
disciplines, and the application of nuclear techniques in areas such as geology,
archaeology, forestry, molecular crystallography and solid-state physics. Operations
included the provision of AINSE Studentships, Fellowships and Grants, organisa-
tion of AINSE Conferences, organisation of cooperative research, attachment of
visiting research workers to Lucas Heights, provision of AINSE staff to assist these
visitors, and the installation of research equipment at Lucas Heights. The Insti tute
completed 24 years of operation on 4 December 1982.

AINSE COUNCIL, EXECUTIVE COMMITTEE AND STAFF

Responsibility for the Institute's operations rests with the AINSE Council, on
which each of the 19 member organisations (the AAEC, 17 Australian Universities
and CSIRO) is represented. Four Council Meetings were held during the year, one at
the University of Queensland (including a visit to Gr i f f i th University), one at the
University of Newcastle, and two meetings at Lucas Heights.

The Office of President of AINSE passed from Professor S. C. Haydon
(University of New England) to Professor I. J. Polmear (Monash University) on 1
January 1983, with the Vice-Presidents from the same date being Professor K. N. R.
Taylor (University of NSW) and Professor P. Mason (Macquarie University). The
Executive Committee consisting of the office-bearers (including the Immediate Past
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President), Dr D. G. Walker (Director, AAEC Research Establishment), Dr C. J.
Hardy (Chief, AAEC Isotope Division) and Mr E. A. Palmer (A1NSE Executive
Officer) met on five occasions during the year. In carrying out the Institute's
ongoing operations, the Executive Officer was assisted by the other nine members of
the AINSE staff (three professional, three technical and three administrative).

The Insti tute 's contributions to science and technology were recognised by the
award of an O.B.E. to Mr E. A. Palmer (Executive Officer) in 1982. In May and
June 1983, the Executive Officer made an overseas visit on behalf of the Institute,
attending the 3rd International Conference on Emerging Nuclear Energy Systems
(Helsinki, 5-9 June 1983) and visiting research centres in a number of countries.

FINANCES

The Institute's total costs for the calendar year 1982 were $733,985 and total in-
come was $811,700 ($346,750 as annual membership subscriptions from member
organisations, $400,000 as a contribution for research and training from the AAEC,
and $64,950 from other sources). As the contribution for 1983 remained at
$400,000, the same level as for 1982, it was necessary to continue to restrict the level
of operations through 1983.

For the year ended 31 December 1982, research and training costs totalled
$579,547 (79%) and administrat ive costs amounted to $154,438 (21°7o), a similar
proportional distr ibution is expected for 1983. In August 1982, the AINSE Council
requested the AAEC to put before government a case for increasing the contr ibut ion
for research and training for 1984 to $600,000.

AINSE CONFERENCES

The program of AINSE Conferences continued with the Ins t i tu te sponsoring
and organising the following meetings during 1982-83:

The ////; AINSE Radiation Chemistry Conference, 1982, was held at Lucas
Heights on 10-12 November 1982. Fifty-five papers were discussed by 80 par-
ticipants. A symposium on "Radicals, Radical Ions and Excited Species" reviewed
progress in areas closely related to radiation chemistry.

The 14th AINSE PUisnui Physics Conference, 1983, was held at Lucas Heights
on 7-9 February 1983. Approximately 130 participants attended this conference with
78 papers being presented. Speakers included distinguished scientists from overseas
laboratories working in areas related to nuclear fusion energy.

Total expenditure on AINSE Conferences in 1982 was $16,803.
During 1982-83, organisation began for future AINSE conferences, including

the 9lh AINSE Radiation Biology Conference (Lucas Heights, 25-26 August 1983),
the 3rd AINSE Conference on Nuclear Techniques of Analysis (Lucas Heights, 2-4
November 1983), the 101 h A1NSE Nuclear Physics Conference (Australian National
Universi ty, 6-8 February 1984), and the 4th AINSE Engineering Conference (Lucas
Heights, second half of 1984).

AINSE POST-GRADUATE RESEARCH STUDENTSHIPS

Eleven persons held AINSE Studentships for the whole or part of 1982-83, in-
cluding two who submitted Ph.D. theses, and two who began their Ph.D. studies in
1983. Each AINSE student spent a significant part of their working time (averaging
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about 25%) attached to the Institute undertaking those parts of their research pro-
gram requiring use of special facilities within the Lucas Heights Research
Laboratories. These projects involved close cooperation with research groups based
at Lucas Heights and resulted in a number of joint publications. Total expenditure
for AINSE Studentship salaries for 1982 was $59,586. The expected period of tenure
for the AINSE Studentship is considered to be three years.

AINSE RESEARCH FELLOWSHIPS

AINSE Research Fellowships provide an opportunity for able scientists at an
early stage of their careers (with awards usually commencing soon after completing
a Ph.D.) to undertake challenging research in areas in which the Ins t i t u t e is
involved.

Nominations for the award of these post-doctoral fellowships were considered
in two series and resulted in two new awards commencing during the year. One
Fellow concluded tenure of his award and three others continued their research,
spending part or all of their time at Lucas Heights, using a variety of facili t ies, in-
cluding HIFAR, radiation detection equipment, plasma physics facilities and equip-
ment for studying SYNROC. Normal tenure of the fellowships remained at two
years. The Inst i tute 's expenditure for the fellowship scheme in 1982 totalled
$91,125.

AINSE GRANTS

A total of 103 projects received support from AINSE Research and Training
Grants for 1983. These grants were awarded to 20 organisations in response to pro-
posals submitted to the Ins t i tu te in September 1982. They included direct grants for
provision of research equipment, and amounts allocated as credits from which the
Ins t i tu te assisted wi th meeting costs involved in using facilities at Lucas Heights (in-
cluding costs of visits to Lucas Heights and charges for special materials and ser-
vices).

AINSE Grants provided the major mechanism for ensuring that the national
facilities of the Lucas Heights Research Laboratories, including its research
reactors, particle accelerators, gamma-irradiation facilities and other specialised in-
stallations, were available for use by scientists from academic institutions. The
grants also assisted collaborative research programs involving cooperation between
Lucas Heights s taff and scientists and engineers from universities and institutes of
technology. The total expenditure on AINSE Grants for 1982 was $129,952. AINSE
Grants for 1983 ($107,012 as direct grants and up to $138,900 as credits) arc listed in
Appendix F.

AINSE ACCELERATOR GROUP

The Accelerator Group provided professional and technical support for visiting
scientists whose work in 1982-83 involved any of the three particle accelerators at
Lucas Heights. The group's activities included the continued development of new
research equipment for use of PIXE (Proton-Induced X-ray Emission) for elemental
analysis of surfaces and for studying diffusion processes and based on the Com-
mission's 3 MeV proton accelerator. Support for radiation chemistry research using
the CSIRO's 1.3 MeV electron accelerator and the AINSE 600 keV electron machine
(Febetron 702) were also provided, including the development of a fast computer-
based system for recording and analysis of data from pulsed radiolysis experiments
conducted jointly by university groups and scientists at the Lucas Heights Research
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Laboratories. The Accelerator Group also provided support for visiting university
scientists using the "Moata" reactor and certain other installations, including the
gamma-irradiation facility and radiation sources. With some financial assistance
from the Institute, Mr D. D. Cohen (Leader, A1NSE Accelerator Group) presented
papers at the 6th International Conference on Ion Beam Analysis in Phoenix,
Arizona, May 1983, on "L Subshell lonisation Cross Section for Light Ion Bom-
bardment of High Z Targets" and "Depth Profiles and Microtopology". Expen-
diture on accelerator group operations in 1982 was $56,873 and the cost of equip-
ment acquired by AINSE during that year for accelerator-based work at Lucas
Heights totalled $33,085.

AINSE NEUTRON DIFFRACTION GROUP

Much of the effort of the members of the Neutron Diffraction Group during
1982-83 was devoted to the development and installation of new equipment for
research employing neutron beams from HIFAR to investigate the structure and
other properties of materials, including semi-conductors, biological membranes,
metal alloys and a wide range of chemicals. Developments during the year included
the commissioning of a multi-counter array for the new high resolution diffrac-
tometer, the acquisition of components for a position-sensitive detector to be used
with the small-angle neutron diffractometer (4H5B), and the continuing develop-
ment of control and data handling systems for all 10 neutron diffractometers based
on HIFAR. The demand for time on these instruments continued at a high level
through the year and the group provided continuing support for all visiting research
workers from universities and other institutions in close cooperation with AAEC
and CSIRO scientists.

In October 1982, the Institute made a further submission to the Commission
regarding the installation in HIFAR of a 'cold source' to provide beams of long
wavelength neutrons, required to permit scientists in Australia to carry out impor-
tant research not possible with existing facilities. The cost of providing the cold
source was estimated at $2,000,000 spread over four years. The Institute's expen-
diture on neutron diffraction operations in 1982 totalled $128,101, not including
$64,232 spent during the year on procuring neutron diffraction equipment.

OTHER ACTIVITIES

Other AINSE services included general liaison to assist cooperation between
member organisations, circulation of research reports recording the results of work
carried out with AINSE assistance, and the provision of support for courses held by
the Australian School of Nuclear Technology.

AUSTRALIAN SCHOOL OF NUCLEAR
TECHNOLOGY

The Australian School of Nuclear Technology (ASNT) is a joint enterprise co-
sponsored by the Australian Atomic Energy Commission and the University of New
South Wales. The School is controlled by a Board consisting of representatives of
the Australian Atomic Energy Commission, the University of New South Wales,
and the Australian Institute of Nuclear Science and Engineering.

75



Above: The fully-equipped
Radiochemical Laboratory at
the Australian School of
Nuclear Technology, Lucas

Heights.

Right: The School's sub-critical
assembly which students can use
during the Nuclear Technology
Course, to gain -experience in
techniques and instrumentation

on research reactors.

: /V//-.S- Dolores Sebas-
tian Manio, from the
Philippines, uses a cen-
trifuge in the School's
Radiochemical Laboratory.
Mrs Manio is one of a
number of overseas par-
ticipants at the School
whose attendance is spon-
sored by the Australian
Development Assistance

Bureau.
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Present members of the Board are Dr D. G. Walker, AAEC Commissioner and
Director, AAEC Research Establishment, Lucas Heights (Chairman); Professor
J. J. Thompson, Professor ot" Nuclear Engineering, University of New South
Wales; Dr M. A. Long, Senior Lecturer, Department of Inorganic and Nuclear
Chemistry, Universi ty of New South Wales; Dr R. Smith, Deputy Director, AAEC
Research Establishment; Professor E. O. Hall, Professor of Metallurgy, Universi ty
of Newcastle (representing the Australian Ins t i tu t e of Nuclear Science and Engineer-
ing); and Mr B. Toner, the Principal of ASNT. The Board met on two occasions
during the year.

Seven courses were held during the year, at tract ing 80 participants, including 27
from overseas. Details of the courses were as follows:

Introductory Atomic Energy Course No. 2 (5-16 July 1982). There were 12
participants: six were from the AAEC and six from other organisations within
Australia.

Radioisotope Course for Graduates No. 28 (28 July-20 August 1982). Seven
participants attended of \\hom three were from overseas, two from the AAEC, the
remaining two from elsewhere within Australia. One overseas participant was from
Singapore and two from Malaysia. Arrangements were made for the Malaysian par-
ticipants to undertake appropriate attachments in Australia following completion of
the course.

Radionuc/ides in Medicine No. 10 (6 Septcmber-1 October 1982). There were 15
participants on this course which consisted of lectures and practical work. Seven
practical sessions were held at hospitals in the Sydney area. Ten participants came
from overseas — two from Bangladesh, one from Mauritius, one from Mexico, four
from the Philippines, one from Malaysia and one from Tanzania. Most overseas
participants undertook at tachments at various hospitals after the course.

Introductory Nuclear Technology Course No. I (24 January-18 February 1983).
This course was presented basically to cater for internal training requirements of
AAEC staff. There were seven participants on the course of whom six were from the
AAEC and one from the State Energy Commission of Western Australia. Subse-
quently, a two-day Symposium was conducted at the School, enlarging on the course
material in the specific area of the Commission's research reactor H1FAR.

Nuclear Safeguards Course No. I (14-18 February 1983). Twelve persons par-
ticipated in the course, two from the AAEC and ten from a number of other
organisations and government departments in Australia. Opportunity was taken to
observe a routine inspection of the AAEC laboratories by Inspectors from the Inter-
national Atomic Energy Agency.

Radiation Protection Course No. 6 (7-31 March 1983). There were 15 par-
ticipants on the course, including seven from overseas: four from the Philippines,
two from Thailand and one from Malaysia. One of the participants from Thailand
was on a direct fellowship to the School, sponsored by the In te rna t iona l Atomic
Energy Agency. Following the course, attachments were arranged at various
Australian hospitals and laboratories.

Radioisotope Course for Non-Graduates No. 32 (30 May-24 June 1983). There
were 12 participants on the course, including seven from overseas: five from the
Philippines and two from Zimbabwe. Various attachments to the AAEC, the
CSIRO Ins t i t u t e of Marine Science, Townsvillc, and to the Royal Prince Alfred
Hospital, Sydney, were arranged following completion of the course.
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8

GENERAL

FINANCE

In accordance wilh Section 31 of the Atomic Energy Act 1953, the financial
statements for the year ended 30 .lime 1983, comprising Statements of Assets and
Liabilities, Capital Accumulation, Income and Expenditure and Notes to and Form-
ing Part of the Financial Statements, are annexed as Appendix H. The Report of the
Auditor-General is included as Appendix I.

Although the Commission is funded substantially on an annual cash basis by
parliamentary appropriation, the financial statements have been prepared in accord-
ance with the principles of accrual accounting to provide a factual account of the
state of affairs of the Commission at the time the statements were prepared. This is
in accord with Department of Finance guidelines.

INCOME

The parliamentary appropriation for running expenses ($33,348,000) in 1982-83
was less than the previous year, reflecting the impact of the transfer of resources to
the CSIRO. For this reason, it is not possible to make valid comparisons with past
years. Similarly, the contribution from CSIRO towards the cost of common site ser-
vices ($2,745,000) is not comparable with the corresponding figure for the previous
year, as the latter covered a part-year (1 April-30 June 1982) contribution only.

A major item in the Statement of Income and Expenditure disclosed as both
Income and Expenditure is the dividend of $4,614,621 representing 15c per share on
the Commission's investment in Mary Kathleen Uranium Limited. The Commission
holds this investment as agent for the Commonwealth and must immediately remit
all dividends in full to the Department of Resources and Energy. However, it should
be noted that the net effect of any dividend received is to reduce correspondingly the
Commission's overall demand on the budget.
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Income from grants in aid of research fell during 1982-83 by $186,097
(19.28%), while radioisotopc sales increased by $165,498 (8.76%) and total sales by
$82,263 (3.72%).

A surplus of 59,605 resulted from Welfare Fund operations, dedicated to the
provision of staff amenities, bringing accumulated funds for this purpose to a total
of $48,451.

EXPENDITURE

As foreshadowed in the 1981-82 Annual Report, cessation of occupancy of
premises at Coogee (formerly the Commission's Head Office) and relocation of
staff to the Research Laboratories at Lucas Heights has resulted in expenditure
against the previous headings, Administration and Regulatory and External Rela-
tions in the Statement of Income and Expenditure being now included under 'he
heading Research. Allowing for consolidation, the previous year's figures are also
not comparable with the current year because of the impact of transfers to CS1RO.

Expenditure on salaries and payments in the nature of salary again dominated
AAEC outlays, representing 77.19% (78.76% in 1981-82) of total research expen-
diture. General expenses reverted to a more normal level at 3.13% of total research
expenditure following non-recurring expenditures in the previous year because of
relocation of the Coogee office and co-location wi th CSIRO at Lucas Heights.
Power costs increased substantially during 1982-83 owing to ta r i f f increases and now
represent 3.59% (2.33% in 1981-82) of total research costs. Following specific
budget supplementation, expenditure on stores was increased significantly; final ex-
penditure represented 6.07% (5.12% in 1981-82) of total research expenditure. This
supplement assisted in avoiding delay in procurement of stock items in the la t ter
months of the year. Other expenditure was contained in accordance wi th available
funds to ac t iv i ty levels consistent wi th those of the previous year.

It should be noted that a proportion of the costs included under the heading
Research in the Statement of Income and Expenditure benefits the CSIRO. CSIRO
contributes to the cost of certain operations from which it derives both direct and in-
direct benefit (see also Note 12 to the Statements). However, other costs are borne
entirely by the Commission and provide direct benefit to CSIRO as a co-tenant of
the Lucas Heights site.

NON-CASH TRANSACTIONS

The deficit resulting from non-cash transactions increased owing to:
(i) the writing-off of a large number of items of plant and equipment which were

transferred to the CSIRO as well as a number of items which no longer satisfy
the Commission's amended def ini t ion of a plant item; and

(ii) the more normal provision for recreation and long service leave liabilities which
were distorted in 1981-82 owing to the lower provisions required for reduced
staff numbers following transfers to the CSIRO.

CAPITAL ADDITIONS

Capital acquisitions during the year totalled $3,528,470, an increase of
$686,376 (24.15%). These acquisitions are detailed in Note 9 to the Statements. In
the main, the increase relates to capitalised expenditure against two major projects:
Reactor HIFAR Refurbishing and Construction of a SYNROC Pilot Plant.
Substantially increased expenditure is scheduled for both projects during 1983-84.
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INTERNAL AUDIT

Systems-based auditing is producing tangible improvements in management
control systems, and managers are recognising the benefits of this approach. The
Audit Committee monitored the audit program and remedial measures. The Internal
Audit Section was upgraded by recruitment and professional development of its of-
ficers and 20 audit reports were completed and reviewed; no major problems came
under notice but improvements were made in a number of areas.

INDUSTRIAL RELATIONS

The 19 Unions and Associations with members employed by the Commission
made separate representations on 132 issues.

The dispute with the Professional Officers' Association, mentioned in the Com-
mission's Annual Report for 1981-82, relating to nuclear-powered warship monitor-
ing duties was resolved.

Arising from a decision in 1981 to vary the hours of du ty for shift workers, the
question of overtime compensation where additional duties have to be performed at
short notice led to an industr ia l dispute. It was exacerbated by shortage of shift s taff
arising from retirements, resignations and transfers as well as problems in reo :iiting
the addit ional staff required to a t ta in the necessary s taff ing levels under the reduced
hours agreement. Reactor operators ins t i tu ted bans on overtime on 8 October 1982
but discussions with local delegates and Labor Council of New South Wales
representatives resolved the matter.

Staff shortages in specific areas and technological change were signif icant
factors in an increased number of demarcation disputes.

The Salaries and Wages Pause Act effective from 23 December 1982 and the
recent ALP/ACTU Accord on Economic Policy have diminished immediate
industrial pressure for increased salaries and allowances.

STAFF DEVELOPMENT

A review of training was made and a Staff Development Officer was appointed
in March 1983 and in-house training courses were recommenced. Over the past few
years, s taff development has had to be directed at study assistance for staff
upgrading their qualifications, some undergraduate and post-graduate scholarships,
a financial assistance award to enable an officer to gain overseas experience, and
participation in t raining by external bodies.

A Commission engineer has been on at tachment to the Nuclear Instal lat ions
Inspectorate, UK, to participate in safety studies of nuclear reactors and to gain
regulatory experience in areas of the nuclear fuel cycle. The at tachment will end in
July 1983.
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A physicist from the Applied Physics Division completed attachments to the
Brookhaven National Laboratory, and to Columbia University, College of Physi-
cians and Surgeons, New York, USA, in March 1983. This officer had been working
on the application of neutron scattering techniques in molecular biology.

A number of staff were recalled to duty while overseas on private visits to at-
tend conferences and visit laboratories, universities or related organisations.

Eighteen staff members are pursuing higher degrees (Ph.D and M.Sc.) based on
Commission research work. Courses conducted at Lucas Heights by external
specialists have met particular needs, such as appreciation of engineering contracts.
Retirement counselling is being provided by an audio-tape package.

The management skills of senior staff are being further developed by means of
courses at the Australian Administrative Staff College, Mount Eliza, Victoria.

LAND MANAGEMENT

On 1 July 1982, an area of 355.7 hectares wi thin the 1.6 kilometre radius exclu-
sion zone centred on the reactor HI FAR was acquired by the Commonwealth under
the Lands Acquisition Act 1955 for the purposes of the Commission in pursuance of
its functions under the Atomic Energy Act 1953. At 30 June 1983, t i t le to the land
had not been transferred to the Commission. Policies are being formulated for the
management of the land in the exclusion zone, as well as adjacent land owned by the
Commission in the Little Forest area.

INFORMATION SERVICES

Wide public interest was shown in the Australian designed SYNROC formula-
tion for the long-term immobilisation of high-level radioactive waste and display
units were prepared. These included exhibits at AUSTCERAM '82, presented by the
Australian Ceramic Society in Melbourne during August 1982, and LABEX '82,
presented by the publishers of Laboratory News in Sydney in September. The Com-
mission assisted the Australian Broadcasting Commission in the production of two
segments on SYNROC for television documentaries.

A short feature on SYNROC by Film Australia was screened continuously in
the Australian Pavilion at the 1982 International Energy Exposition, Knoxville,
Tennessee, USA, which extended for six months. Non-radioactive specimens of
SYNROC produced at Lucas Heights were displayed. A sequence on SYNROC was
filmed at Lucas Heights for inclusion in a United Kingdom Atomic Energy Agency
fi lm, "The Management of Nuclear Waste", which explores research proposals for
the long-term disposal of nuclear waste.

During the year, 11,000 visitors inspected the Commission's Informat ion
Centre and Exhibition at Lucas Heights. On 30 October 1982, an Open Day for
friends and relatives of Commission and CS1RO staff attracted over 2,000 visitors to
the laboratories.

Seven special Invitat ion Days were held at which over 300 community leaders
inspected the laboratories and discussed Commission work with senior officers.
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In a Schools Work Experience Program for Year 10 and Year 11 students, a
total of 21 State and Private schools and colleges participated. Sixty-five students
undertook a minimum of one week's training in one of thirteen areas of work.

Wide use of the Commission's 16 mm Film Lending Library was made by
educational organisations throughout Australia. The Commission continued to
publish a periodical journal, Atomic Energy in Australia, and a quarterly news-
letter, AAEC Nuclear News. Many requests for information on nuclear energy were
received from the public.

Assistance was given to all sections of the media in the preparation of news
items and features.

Location filming was completed for a documentary on water sampling in the
Great Artesian Basin and the nuclear techniques used or being developed for deter-
mining the age of the samples.

FREEDOM OF INFORMATION

Commission staff were instructed on the provisions and implications of the
Freedom of Information Act 1982. No requests under the Act were received in the
period.
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Appendix A — Organisation of Commission
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COMMISSION

Secretary/ Manager
Administration

lariat I —

Finance
Manpower

Automatic Data
Processing

Internal Audit
Commission Security

I Deputy Director

Engineering Services
& Operations Division

Reactors Detriment

Information Services
Technical Secretarial

Public Relations
Coimnercul Services

Director
Research Establishmen

Diiectoi
Regulalofy 8u<e

Deputy Director 1 I
Research j j

Health & Salety
Division

Applied Mathematics
& Computing Division

Applied Physics Division

Centrifuge Enrichment
Project Division

Environmental Science
Division

Isotope Division

Materials Division

1 Nuclear Plant Sdlety I
Division

j ~~™

1 J '°° !
mloqicdl Su|i|im1

Nuclear Technology
Division

DIRECTORATE

Director and Chief Executive Officer: D. G. Walker, M.Sc., Ph.D., A.R. A.C.I.,
A.M.Aus.I.M.M.

Deputv Director: R. Smith, B.Mel.E.(Hons.), M.Eng.Sc., Ph.D.
De/nilv Director, Research: P. M. Kelly, M.A., Ph.D., Sc.D., M.InM.P. , F.A.I.P.

Special Assistant to the Directorate: R. C. P. Cairns, B.Sc.(Hons.), Ph.D., D.Sc., A.S.T.C.
C.Eng., F.l.Chcm.E., F.l.E.Aust.

Acting. Head, Technical Secretarial: D. N. Turner, A.S.T.C., C.Eng., M.i.M.
Head, Public Relations Unit: E. A. Lane

Overseas Representatives

Counsellor (Atomic Energy), London: A. Jostsons, B.Sc.(Hons.), Ph.D.
Counsellor (Atomic Energy), Vienna: W. J. Wright, M.Sc., F.I.M.

REGULATORY BUREAU*

Director: A. R. W. Wilson, M.Sc., Ph.D., F.T.S.
Chief, Nuclear Plant Safety Division: D. VV. Crancher, M.Sc., F.I.E.Ausi., M.l.Mech.E.

Head, Radiological Support Unit: J. E. Cook, B.Sc.(Hons.)

* The Regulatory Bureau is responsible directly to the Chairman of the AAEC. The Bureau is located at
the Commission's Mascot Office.
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SECRETARIAT and ADMINISTRATION

Secretary/Manager Administration: VV. H. Ratcliff, B.Ec.
Assistant Secretary (Secretariat): J. \V. Pcarcc, B.Sc.

Assistant Secretary (Manpower): N. Carnegie
Assistant Secretary (Finance): A. J, Moulding, A.A.S.A., A.C.l.S.

Director, Organisation and Methods: R. J. Waddell, M.R.I.P.A., M.I.P.M.A.
Chief Auditor: L. Favellc, B.Com.

Director, Commission Security: J. A. Gerrard
Head, Automatic Data Processing: R. Cubbin, M.A.C.S.

DIVISIONS

Applied Mathematics and Computing Division

Chief of Division: D. J. Richardson, B.A.(Hons.), B.Sc., Ph.D., F.A.C.S.
Leader, Scientific Computing Section: J. P. Pollard, Dip.Appl.Chcm., M.Sc., Ph.D., M.A.C.S.
Leader, Computing Svstems Section: P. L. Sangc:, B.Sc.(Hons.), Ph.D., F.A.C.S., M.A.C.M.,

M.A.I.P.

Applied Physics Division

Chief of Division: J. K. Parry, M.Sc., Ph.D.
Leader, Nuclear Applications and Energy Studies Section: L R. Bird, M.Sc., Ph.D., F.A.I.P.

Leader, Semiconductor and Radiation Physics Section: A. J. TavendaSe, M.Sc., Ph.D.
Leader, Electronic Systems Section: C. P. Gilbert , M.Sc., M.l.E.E.
Acting Leader, Fusion Physics Section: J. K. Parry, M.Sc., Ph.D.

Centrifuge Enrichment Project Division

Chief of Division: D. R. Ebcling, B.Mcch.E.(Hons.), M.E.(Nuc.), C.Eng., F.A.I.E., M.I.E.Ausi.
Leader, Centrifuge Unit Development Section: J. Price, B.Sc.(Hons.), Dip.Eng., C.Enu.,

M.I.Mech.E., M.I.E.Aust., A.F.A.I.M.
Leader, Cascade Development Section: K. S. Turner, A.S.T.C., M.Sc., C.Eng., M.l.Chem.E.
Leader, Separation Performance Section: D. .1. Mercer, B.E.Mech.(Hons.), M.Eim.Sei.(Nuc.),

M.I.E.Aust.

Engineering Services and Operations Division

Manager, Engineering Services and Operations: A. C. Higgins, C.Eng., F.I.Mech.E.
Controller, Reactors Department: A. C. Wood, B.Sc., F.I.E.Aust.

Leader, Production, Works and Maintenance Section: \V. J. Turner, B.Mech.E., A.S.T.C.,
M.I.E.Ausi.

Leader, Engineering Projects Section: R. M. Ucbcl, B.Mceh.E.(Elect.), M. l .E.Aust .
Leader, Testing and Inspection Section: R. L. Truer, C.Eng., M.I.Mech.E.

Leader, Waste Control Section: A. T. Duff , B.Sc.(Hons.), A.R.A.C.I.

Environmental Science Division

Chief of Division: D. R. Davy, B.Sc.(Hons.), Dip.Environ.Stud.
Leader, Physics of Environment Section: A. I. M. Ritchie, B.Sc., Ph.D.

Leader, Environmental Chemistry Section: L V. Evans, B.Sc.(Hpns.), Ph.D., C.Chein., M.R.l.C.
Leader, Environmental Biology Section: M. S. Giles, M.I .R. , B.Sc.

Leader, Radiation Biology Section: J. K. Brown, B.Sc., M.Sc.
Leader, Chemical Engineering Section: D. M. Levins, B.E.(Hons.), Ph.D., C.Eng., M.I.Cheni.E.

Health and Safety Division

Chief, HeaL'h and Safety Division: J, C. E. But ton, B.Sc.(Hons.), F.lnst.P., F.A.I.P.
Leader, Health Physics and Sufetv Services Section: J. A. Grey, M.B.E., B.A., M.Sc.

'Site Medical Officer: A. D. Tucker, M.B., B.S.
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Isotope Division

Chief of Division: C. .1. Hardy, B.Sc.(Hons.), Ph.D., D.Sc., C.Chcm.. F.R.S.C., M.Aus. l .M.M.
Leader, Radioisoto/>e Research Section: P. L. Airey. B.Sc.(Hons.), Ph.D., A.R.A.C.I.
Lender, Radioactive Product.'; Research Section: R. E. Boyd, B.Sc.(Hons.), A.M.C.T..

M.A.C.P.S.M.
Controller, Commercial Products Unit: K. \V. Horlock, M.l.Mech.E., A.M.I .E.E. , A .M.H. I .M.

Deputv Controller, Commercial Products Unit: .1. Robson, M.Se.. A.R.A.C.I .
Leader, Medical Products Section: H. H. Brian, M.Sc.. A.R.A.C.I.

Acting Manager, Technical Sales Section: G. E. Logan, B.Sc., F.A.C.B.S.. A.A.I .M.
Leader. Irradiation Research and Technology Section: P."A. Wills, M.Sc., M.A.S.M., I.1:.T.(P).

Materials Division

Acting Chief of Division: K. U. Snowdcn, B.Sc., Ph.D., D.Sc., M.lust.P., M.A.I.P.
Leader, Ceramics Section: K. D. Rccvc, M.Sc., Ph.D., F.I.Ceram.

Leader, Reactor Materials Section: K. U. Snowdcn, B.Sc., Ph.D., D.Sc., M.Ins t .P . , M.A.I.P.
Leader, Metallurgy and Assessment Section: A. Ridal, M.I.M., C.Eng.

Leader, Materials Science Section: C. .1. Ball, M.A., Ph.D.

Nuclear Technology Division

Chief of Division: C. W. K. Ford, M.B.E., M.A.(Cantab.), M.l .Mech.E.
Assistant Chief of Division (Engineering): K. R. Lawihcr , B.Sc., B.E., Ph.D., C.Eng., M.l.Cliem.E.

Assistant Chief of Division (Physics): D. B. McCulloch, B.Sc.(Hons.), F.A.I.P.
Leader, Reactor Thermohydraidics Section: W. J. Green, B.Sc.(Hons.), M.Eng.Sci.
Leader, Nuclear Engineering Section: J. Marshall, B.Sc.(Hons.), M.E., F.l.E.Aust.

Leader, iVuclear Analv.sis Section: B. E. Clancy, M.Sc., Ph.D.
Leader, Reactor Systems Section: E. R. Corran, B.Sc., M.Eng.Sc., C.Eng., A.C.G.I., M.l .E.E.

Site Services

Controller, Information Services: K. H. Tate, B.Sc., M.Aus.l.M.M.
Acting /lead Librarian: Y. M. Long, B.A., A.L.A.A.

Manager, Commercial Applications: A. Walker, B.E., Grad.Dip., A.S.T.C., M.A.l.E.

Australian School of Nuclear Technology

Principal: B. Toner, B.E.
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Appendix B -• AAEC Research and Development Programs

The main research and development programs in progress at 30 June 1983
are listed below.

Nuclear Technology
1. Fission Reactors: A base level of research and development is maintained to support the opera-

tion, refurbishing and safely assessmeni of HIFAR and Moata.
2. Fusion: Study of compact torus devices and the use of radio frequency waves for plasma heating;

investigation of blanket neutronics and t r i t i um breeding and the behaviour of candidate first wall
structural materials.

Nuclear Fuel Cycle
1. Enrichment: This program, previously concerned wilh centrifuge technology, is currently being re-

examined in the light of Government objectives.
2. Waste Management: Development and demonstration of the SYNROC concept for high-level

nuclear waste solidification including the fabrication and testing of SYNROC containing actinide
and fission product elements and a major effort, carried out in conjunction with the ANU under
special Government funding, to design, construct and operate a non-radioactive SYNROC
fabrication pilot plant; development of processes for consolidation of Research Establishment
wastes and studies on Australian uranium ore-processing activities aimed at reducing the en-
vironmental impact of the waste materials.

Health and Environmental Science
1. Uranium Environmental Studies: Study of the formation, detection, characterisation and

transport of pollutants from the uranium industry; uptake and (oxicity studies of heavy metals on
freshwater and marine biota.

2. Isotope Hydrology: Application of environmental isotope techniques to studies of the transloca-
tion of solutes and absorbates and of the transporting media.

3. Radiation Biology and Biophysics: Study of the biological response to low levels of radiation and
the biophysical aspect of radiation quality.

4. Occupational Health Research: Study of bioassay techniques associated with radioactive and toxic
materials.

Application of Radioisotopes and Radiation
1. Nuclear and Radiation Medicine: Synthesis of new radiopharmaceuticals and their screening in

animals: investigation of methods of manufacture and quality control; studies of possible drug
interactions and radiation dose-rate effects in radiotherapy.

2. Irradiation Research and Technology: Investigation of microbiological aspects of radiation pro-
cessing and development of appropriate microbiological techniques for AAEC radio-
pharmaceuticals.

3. Industrial and Research: Development and application of radioisotope techniques to industrial
and economically important problems. />

4. Radiation Detection, Measurement and Standards: Basic studies into semiconductor nuclear
radiation detectors; provision of nuclear measurement and radiation standards.

Nuclear Science
1. Nuclear Physics: Basic nuclear studies associated with neutron reaction processes and the develop-

ment of neutron data together with the application of this information to the development of
nuclear safeguards instrumentation for the IAEA.

2. Nuclear Applications: Application of neutron and ion beams from HIFAR, Moata and the 3 MeV
accelerator to a broad spectrum of scientific and industrial problems involving liaison with govern-
ment, industrial and university laboratories.

3. Materials Science: Develop and maintain expertise relevant to the nuclear industry including frac-
ture of components, crack propagation and flaw detection.

Services
1. Computing Services: Studies into mathematical and computing problems relevant to the Commis-

sion's interests; provision of mathematical and computing service.
2. Instrumentation: Specialised services and technique development in dynamics analysis, computer

interfacing, instrument design and maintenance.
3. Environmental Services: Monitors the Lucas Heights environs to ensure that no unacceptable

effects have occurred.
4. Materials Services: Fabrication, testing, non-destructive examination, high-activity handling and

metallography.
5. Isotope Service: Operation and maintenance of specific pathogen-free and gnotobiotic animal

colonies, for biological and isotope research and radiopharmaceutical quality control.
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Appendix C — AAEC Research Contracts

In 1882-83, the Commission awarded research contracts for the projects
listed below.

NEW CONTRACTS

University or Organisation

University of New England

New South Wales Institute of
Technology

Siromath Pty Limited

Project

The study of calcium metabolism of embryonic tunics
($3,500).

X-ray and neutron diffraction studies of SYNROC
mineral phases (55,850).

Development of a computer code to solve the isotopic
diffusion equation for a closed gas centrifuge (520,000).

EXTENDED CONTRACTS

Siromath Pty Limited

Griffith University
School of Science

Australian National University
Research School of Earth Sciences

School of Physical Sciences

Analysis of gas Hows within a gas centrifuge using a
finite difference technique ($10,000).

Surface and bulk modification nuclear waste solids
under hydrothermal leaching conditions (54,027).

The immobilisation of high-level nuclear reactor wastes
in crystalline mineral phases ($16,038).

Studies of high-temperature, magnetically confined
toroidal plasma ($7,250).
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Appendix D — AAEC Patent Activities

AUSTRALIA — PROVISIONAL

E. J. RAMM, A. E. RINGWOOD. Containment of waste material.

PATENT APPLICATIONS ALLOWED TO LAPSE

E. J. RAMM, K. D. REEVE, J. L. WOOLFREY. Apparatus and method for immobilising waste
material. USA 211204.

M. THACKRAY, R. R. PETTIJOHN, C. LEUNG, R. G. MANNING, Z. REYES. Photographic image
enhancement method employing luminescence. Europe 79302713.7.

LETTERS PATENT GRANTED

D. H. BRADHURST, G. S. A. STOLARSKI. Electrodes lor photoelectrocheniical cells. Australia
521193, dated 3 August 1982.

J. V. EVANS, R. W. MATTHEWS. Technetium 99m Generator. Canada 1131429, dated 14 September
1982.

R. E. BOYD, P. J. SORBY. Generators for Technctium. Austral ia 523258, dated 13 December 1982.
H. STRUVE. Separation of isotopes. Australia 521327, dated 11 Aimust 1982.
K. FREIBERG. A valve. Ausiralia 526135, dated 31 May 1983.
E. J. RAMM, A. E. RINGWOOD. Arrangements for containinc waste material. Australia 524883, dated

10 March 1983.
J. S. WATT, R. A. FOOKES, V. L. GRAVIT1S. Improvements 10 X- and y-ray techniques for deter-

mination of the ash content of coal. Britain 2054140, dated 11 May 1983.
B. D. SOWERBY. Combination neutron and y-ray method of elemental analysis. Bri tain 2055191, dated

25 May 1983.

PATENTS ABANDONED

V. E. CHURCH, H. J. FRASER, R. W. MATTHEWS. Method and apparatus for radiation dose
measurement. Japan 1020936.

H. STRUVE. Separation of isotopes. Australia 521327.
M. THACKRAY. Sources of nuclear radiation. Britain 1563234.
W. T. SPRAGG. The control of insects. France 7623996.
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Appendix E — Technical Papers by Commission Staff
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The research publications of the Commission include reports in official
AAEC series distributed widely throughout the world, papers contributed to
learned journals, and papers presented at conferences where proceedings
are subsequently published.

PUBLISHED PAPERS
ALLEN, 13. .1. [1982]. Radiotherapy w i t h neutrons. Aust. Phys., 19:209-213.
ALLEN, B. J. |1982]. Theory of slow neutron radiative capture. Chapter 1 in Radiative \eulron

Capture. NEA Nuclear Data Committee Monogiaphs on Neutron Physics and Nuclear Data in
Science and Technology, Vol. 2.

A L L E N , B. J., BOLDEMAN, J. W., *MACKL1N, R. L. [1982]. Stable isotope capture cioss sections
from the Oak Ridge electron linear accelerator — Part 11. Mud. Sci. £'//.'!.. 82:230-231. (*Oak Ridge
National Laboratory.)

*ANG, C. H., *GARNETT, J. L., MANKIEW1CZ, S. V., **SANGSTER. D. I7. |1982]. Acid effect in
uv- and radiation-induced ural'liii!: of styrene to cellulose. In Graft Copolymcn-.tition <>/
LiKitm-ellulosic Fibers (ed. N. S. David), ACS Symp. Series, No. 187, Ch. 10, pp. 141-154. ( * U n i v .
of N.S.W.; **Now CSIRO Div. Chcni. Phys.)

*APPLETON, B. R., *HOLLAND, O. W., * N A R A V A N , J., *SCHO\V HI, O. E " 'WILLIAMS,
J. S., **SHORT, K. T., LAWSCN, E. (1982]. Characteri/ation of damaue in ion implanted Ge.
/!/)/>/. Win. Let I . , 41(8):711-712. (*Oak Ridge National Laboratory, U.S.A.: "*RMIT,
Melbourne.)

BALL, C. .1., WOOLFREY, J. L. [1983]. The et't'ect of neutron irradiation on the s t ruc ture of ba i i u in
hollandite. J. Niicl. Muter. (In press.)

BALL, C. .1., *DAVIS, R. L., ELCOMBE, M. M., HOWARD, C. J. [1983). The Austral ian high reso-
lu t ion neutron powder dilTraetometer. Aust. ./. Pin's. (In press.) (*AINSE.)

BARNES, R. K., HETHERINGTON, E. L. R., *9HKUBO, M. [1983). Deiermination of the specific
ac t i v i t y of fission-based 'wMo using d i f fe ren t ia l pulse polarography. Int. J. Ap/il. Radial. /MI/.,
34(3):603-606. (*Japan Atomic Energy Research Ins t i tu te . )

BEATT1E, D. R. 1-1., GREEN, \V. J. [1983]. The existence of nucleate boi l ing in diabatic two-phase
annular flow. Int. .1. Heat Mass Trun\fer. ( In press.)

*BO\VLES, J. S., BALL, C. J., KELLY, P. M. [1982]. Reply to ' the concept of a generalised la t t i ce cot-
respondcnce'. Sci: Metull.. 16:1309 (*Univ . of N.S.W.j

BOYD, R. E. [1982]. Pharmaceutical research at the AAEC. Pail I I : iienerator systems. Aust. A'./. Soc.
Ni/cl. Meil. Newsletter. 13(3): 17-19.

BOYD, R. E. [1982]. The special position of w"'Te in nuclear medicine. Ch. 4 in Radionuclide Pro-
duction. Uni.science Series on Radiotracers in Biology and Medicine Vol. I l l , CRC Press, Boca
Raton, Florida, U.S.A.

*BROWN, P. L., *ELLIS, J., SYLVA, R. N. [1982]. The hydrolysis of metal ions. Part 4. Ind ium(l l l ) .
./. Client. Soc. Dullon Trans., 1982 (10):1911-1914. (*Univ . of Wollonuong.)
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Appendix F — AINSE Grants for Research and Training
SSS9|B*(̂

The Australian Institute of Nuclear Science and Engineering awarded
AINSE Grants in the 1983 Series in support of the 103 projects listed below.
(Allocation of up to $245,912.) Titles of projects supported in 1982-83 under
the terms of AINSE Fellowships (6) and AINSE Studentships (11), are listed
separately.

AINSE GRANTS 1983

James Cook University of North Queensland
1. Studies of metal complexes of quadriclentate ligancls. (Dr I,. I7. Lindoy, Chemistry and

Biochemistry, up to 51,900.)
2. Homogeneous catalysis of the oxidation of simple organic molecules by metal centres. (Dr lr. R.

Keene, Chemistry and Biochemistry, up to 51,500.)
3. Solid-state polymerisation of complexes of N-vinyl pyirolidone wi th metal salts. (Dr E.
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4. Point defect-dislocation interaction in ionic crystals. (Dr G. A. Bielig, Physics, up to 51,400.)
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1. Human genetic disorders involving sensi t ivi ty to ionising radiat ion. (Dr M. \7. Lavin,
Biochemistry, up to 53,700.)

2. Measurement of total body potassium and its use to monitor n u t r i t i o n a l therapy in chi ldren u i i h
fibrocystie disease. (Drs \V. G. E. Cooksley, L. C. Ward, Biochemistry; Dr R. W. Shepherd.
Child Health: Di B. .1. Thomas, Physics (Qkl ins t . of Technol.). up to 51.700.)

3. Radiation effects on polymers and copolyiners. (Dr .1. I I . O'Donnell, Chemistry, up to 52,050.)
4. Radiat ion effects in models foi polypeptide.s. (Dr D. .1. "I". Hi l l , Chemistry, up to 51,300.)
5. Neinron and X-ray .scatterinu studies of crsstall ine solids near t i a n s i t i o n temperatures. (Drs B.

W. Lucas, .1. K. Nimmo, \V. B. Lasich, Physics, up to 52,800.)
6. Structure analysis using neutron d i f f rac t ion . (Dr C. 1-1. L. Kcnnard, Chemistry, up to 51,900.)
1. Mode of transport and deposition of gold and some platinum group elements in soil profiles and

in hydrothcrmally altered rocks. (Professor A. I7. Wilson, Geology, up to S700.)
8. Nuclear techniques of analysis. (Dr C. H. L. Kcnnard, Chemistry, up to 51,000.)

Griffith University

1. The effect of heavy ion irradiation on the chemical durability of HLW glasses. (Professor R. L.
Scgali, Drs S. Myhra, R. St. C. Smart, P. S. Turner, Science, up to 52,300.)

2. Irradiation effects on structure of polypropylene. (Dr W. K. IBusTield, Science, up to 51,200.)

University of New England

1. Multiphoton and high pressure plasma techniques for tunable VUV generators. (Professor S. C.
Haydon, Associate Professor G. A. Woolsey, Physics, up to 54,080.)

2. Spatial and limc-rcsolvcd studies of the development of RF plasmas. (Professor S. C. Haydon,
Physics, up to to 54,039.)

3. Magnetic pulse compression applied to UV recombination lasers. (Dr A. I. Mclntosh, Physics,
up to 5967.)

4. Development of vibration-insensit ive optical interferometers for plasm? study. (Associate Pro-
fessor G. A. Woolsey, Physics, up to 51,555.)

5. Measurement of in ter - r i l l soil erosion by tracing wi th 59Fe. (Dr S. J. Perrcns, Resource Engineer-
ing, up to SI,TOO.)

6. Sediment history of Boambee estuary. (Dr S. J. Pcrrens, Resource Engineering, up to 51,000.)
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University of Newcastle

1. Modification of surfaces by ion implantat ion. (Professor R. J. MacDonakl, Physics, up to
S800.)

2. Hydrogen scattering from metal surfaces. (Professor R. J. MacDonald, Physics, up to 53,120.)
3. Structures of metallic hydrides and deuteridcs. (Professor E. O. Hall, Metallurgy, up to SI ,500.)
4. Vibrat ion spectra of solid solutions. (Dr J. D. Browne. Associate Professor W. A. Gates,

Metallurgy, up to $1,000.)
5. Single crystal neutron diffract ion study of VDV (Associate Professor W. A. Gates, Dr J. D.

Browne, Metallurgy, up to $2,400.)

University of Sydney

1. Fractuie mechanics of epoxy-bascd composites: the role of interfaces. (Drs Y. W. Mai, B. Cot-
terell. Mechanical Engineering, up to S800.)

2. Buffer gas plasma centrifuge. (Dr S. W. Simpson, Electrical Engineering, up to 54,100.)
3. Elemental analysis of prehistoric ceramics fiom Buka and Sohano Islands, P.N.G. (Dr J. P.

White, Anthropology, up to S300.)
4. The interaction of irradiation and hybrid dysgencsisin Drmophilunit'lunoKU.Mer. (Dr J. A. Sved,

Biological Sciences, up to $500.)
5. Far-infrared wave interactions in plasmas. (Drs L. C. Robinson, R. G. Hewi t t , G. F. Brand,

Plasma Physics, up lo 56,850.)
6. Laser scattering from plasmas. (Dr I. S. Falconer, Plasma Physics, up to 53,050.)
7. Optically pumped submil l imctre laser diagnostics. (Dis I. S. Falconer, B. \V. James, Plasma

Physics, up lo 55,450.)
8. Measurements of tunaway electrons in tortus. (Dr R. Cross, Plasma Physics, up to 58,300.)
9. Cryogenic neutron diff ract ion of alums. (Dr .1. K. Beatlie, Chemistry, up to 5500.)

10. Kinetics of emulsion polymerisation. (Associate Professor D. H. Nappcr, Dr R. G. Gilber t ,
Physical and Theoretical Chemistry, up to $500.)

University of New South Wales

1. Nuclear power plant safety and control investigations on the 111FAR reactor. (Mr L. G.
Kenieny, Nuclear Engineering, up to 52,300.)

2. Socio-economic cost of nuclear power. (Associate Professor Z. J. Holy, Nuclear Emiineerinu,
up to $1,200.)

3. Mechanical and acoustical properties of alkali halidc crystals. (Dr J. I. Dunlop, Applied Physics,
up to 5400.)

4. (a) Radiat ion catalysis and (b) Studies in mass spectromctry related to radiation chemistry.
(Associate Professor J. L. Garneii, Physical Chemistry, up to 52,100.)

5. Tr i t iu in-NMR studies of new t r i t i u m labelling techniques. (Dr M. Long, Nuclear and Radiation
Chemistry, up to 51,300.)

6. Neutron studies of biological membranes. (Dr V. j. James, Physics, up to $400.)
7. Neutron di f f rac t ion studies of biological membranes. (Dr V. .1. James, Physics, up to 5400.)
8. > An analysis by low angle neutron scattering (. " the conformation of funct ional proteins

reconstituted in lipid bilayers. (Dr V. J. James, Physics, up to 5400.)

Macquarie University

1. Thermal diffusion in ceramics and ceramic composites. (Dr J. Unsworth, Physics, up to $8,728.)
2. Hot atom reactions in molecules exposed to fast and thermal neutrons and gamma-rays.

(Associate Professor J. G. Hawke, Chemistry, up to $1,500.)
3. Low angle neutron diffraction studies of biological systems. (Dr M. Batlcy, Chemistry, up to

$600.)

University of Wollongong

1. Production of photovoltaic cells by ion implantation. (Dr J. N. Mathur , Physics, up to $700.)
2. Quantum theoretical search for potential high energy molecular lasers. (Dr P. G. Burton,

Chemistry, Dr G. Doherty, Mathematics, up to $1,600.)
3. Rare-earth element contents of the Palaeozoic igneous rocks in the Windellama-Bullio region

N.S.W. (Mr P. F. Carr, Geology, up to $2,100.)
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Australian National University

1. P1XE-PIGME analysis of prehistoric Admiralty Islands poltery components. (Mr W. R.
Ambrose, Research School of Pacific Studies, up to $600.)

2. Oxidation reduction reactions of coordinated ligands. (Professor A. M. Sargeson, Chemistry,
up to SI, 100.)

3. Soft X-ray fluctuation measurements in LT-4. (Dr A. D. Cheethani, Plasma Research
Laboratory, up to 56,500.)

4. Fast monitoring of transient signals from LT-4 plasmas. (Dr A. H. Morton, Plasma Research
Laboratory, up to $3,635.)

5. Sub-nnn michelson interferometer. (Dr .1. How, Plasma Research Laboratory, up to $2,565.)
6. Fast response density and scattering measurements. (Dr H. Kuwahara, Plasma Research

Laboratory, up to $7,700.)
7. Electron beam production of spiky turbulence. (Dr R. W. Boswcll, Plasma Research

Laboratory, up to $3,278.)
8. Energy absorption and partition in ultra-high intensi ty laser-produced plasmas. (Drs M. D. J.

Burgess, B. Lutlicr-Davics, Physical Sciences, up to $5,435.)
9. Disorder in molecular crystals. (Dr T. R. Welberry, Physical Chemistry, up to $3,100.)

10. Molecular structure of hydrido-iransiiion metal complexes by neutron di f f rac t ion. (Dr G. B.
Robertson, Chemistry, up to $1,900.)

11. Magnons and phonons in y-Mn alloys. (Dr M. C. K: Wiltshire, Professor W. A. RuiKiman ,
Physical Sciences, up to $900.)

12. •"'Ar/^Ar age determination of rocks. (Dr 1. MeDougall, Ear th Sciences, up to $2,000.)
13. Testing the application of thecaesium-137 technique of soil loss/deposition measurement on the

soils of a freshwater lake catchment on the sand mass of Frascr Island. Measurement of lead-210
in lake sediment samples. (Dr M. E. Longmore, Professor J. Chappcll, Biogeography and
Gcomorphology; Professor C. W. Rose, Austral ian Environmenta l Studies (Gri lTi ih
Universi ty); Mr B. M. O'Leary, Physics (Qld Insl. of Technol.), up to $1,100.)

14. Trace element studies of igneous and meiamorphie rocks. (Dr B. W. Chappcll, Geology, up to
$2,000.)

University of Melbourne

1. L-shell ionisation by heavy charged particles. (Professor B. M. Spicer, Physics, up to $2,700.)
2. Pulse radiolysis studies of gaseous free radicals. (Dr R. Cooper, Physical Chemistry, up to

$3,300.)
3. Luminescence from electron irradiated solid oxides. (Dr R. Cooper, Physical Chemistry, up to

$3,900.)
4. DNA repair in Pseitdonionas Aeruginosa and its modification by R. plasmids. (Dr B. T. O. Lee,

Genetics, up to $2,900.)
5. Structural relationships in SYNROC minerals. (Drs L. A. Bursill, R. \V. Cheary, Physics; Dr T.

M. Sabine, Physics (N.S.W. Inst. of Technol.), up to $3,400.)
6. Lattice dynamics and superlattice formation in rutilc (TiGs). (Dr L. A. Bursill, Physics; Dr T.

M. Sabine, Physics (N.S.W. Inst, of Technol.), up to $800')
7. High-temperature studies by the neutron powder techniques. (Dr Z. Barnea, Physics; Dr C. J.

Howard (AAEC), up to $1,100.)
8. Application of activation analysis to problems of ore genesis and evolution of the crust. (Dr R.

R. Keays, Geology, up to $3,000.)
9. The application of activation and particle track analysis and radiochcmical tracer techniques to

fundamental problems in geochemistry and cosmochemistry. (Professor J. F. Lovering,
Geology, up to $3,500.)

Monash University

1. Distribution of magnetic moment in alloys with magnetic long range order. (Dr T. J. Hicks,
Physics, up to $6,200.)

2. Distribution and dynamics of moments in magnetic alloys. (Dr T. J. Hicks, Physics, up to
$3,200.)

3. Distribution of magnetic moment in superparamagnets spin glasses and Kondo systems. (Dr T.
J. Hicks, Physics, up to $6,200.)

4. Magnetism in atomically random systems. (Associate Professor J. H. Smith, Dr T. J. Hicks,
Physics, up to $3,700.)

5. ESR study of radiation damage in ruby and sapphire. (Dr G. J. Troup, Physics, up to $800.)
6. Electronic and nuclear interactions in rare earth and transition metal compounds. (Dr J. D.

Cashion, Physics, up to $600.)
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7. The neutron Kosscl and Kikuchi effects. (Professor T. F. Smith, Dr J . D. Cushion, Physics, up
to SI,800.)

8. The influence of residual stresses on the physical and mechanical properties" of alloys. (Dr T.
Finlayson, Professor T. I7. Smith, Physics, up to SI,600.)

9. Chemistry of lanthanoid and actinoid elements. (Dr G. B. Deacon, Chemistry, up to S2,500.)

La Trobe University

1. Effects of repair inhibitors on spontaneous and radiation-induced muta t ion yields in bacteria.
(Dr D. G. MacPliee, Microbiology, up to 52,000.)

2. Investigations of a cytoplasm-mediated pathway for radiation damage to chromosomes. (Dr J.
A. Marshall Graves, Genetics and Human Variation, up to 51,950.)

3. Repair of radiation-induced damage in eukaryole chromosomes. (Dr M. Westerman, Genetics
and Human Variation, up to 52,000.)

4. Do natural populations of Dmsophilu inelanogasier differ in sensitivity to irradiation? (Pro-
fessor P. A. Parsons, Genetics and Human Variation, up to $1,650.)

University of Tasmania

1. Soil physical factors and radiata pine root growth. (Mr G. R. Davis, Ameul tura l Science, up to
51,500.')

University of Adelaide

1. Pulse radiolysis of metal complexes in non-aqueous solvents. (Dr G. S. Laurence, Physical and
Inorganic Chemistry; Mr D. 1-. Sangstcr (CS1RO), up to 53,600.)

2. Radioactive disequil ibrium in low-level uranium and thorium determinations. (Professor .1. R.
Prcscotl, Physics, up to 56,200.)

Flinders University of South Australia

1. Rotamak studies. (Dr I. R. Jones, Physical Sciences, up to 52,500.)
2. Hydromagnetic waves and oscillations in plasmas. (Dr A. L. McCarthy, Physical Sciences, up to

$6,960.)
3. Energy balance measurements in gaseous plasmas. (Dr E. L. Murray, Physical Sciences, up to

$1,250.)

University of Western Australia

1. Determination of 180 by activation in a particle accelerator. (Professor S. D. Bradshaw,
Zoology, up to $1,900.)

2. Absolute measurement of neutron production. (Associate Professor H. H. Thies, Physics, up to
$1,400.)

3. PIXE studies in silicon. (Associate Professor A. G. Nassibian, Electrical and Electronic
Engineering, up to $1,000.)

4. Generation centre investigation in silicon devices by ion implant He + Rutherford backscattering
and PIXE methods. (Associate Professor A. G. Nassibian, Electrical and Electronic Engineer-
ing, up to $1,000.)

5. An investigation of electronically excited species produced during the radiolysis of water. (Dr T.
I. Quickenden, Physical and Inorganic Chemistry, up to $6,000.)

6. Crystal structure analysis by neutron diffraction. (Dr E. N. Maslen, Physics; Dr A. H. White,
Physical and Inorganic Chemistry, up to $3,200.)

Darling Downs Institute of Advanced Education

1. Fluorine and other trace elements in Australian coals. (Mr E. Tiller, Physics, up to $2,000.)
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New South Wales Institute of Technology

1. Extinction and multiple scattering in neutron powder diffractometry. (Dr T. M. Sabine, Physics
and Materials, up to $600.)

2. Composition profiling of structured surfaces using high energy ions. (Dr G. B. Smith, Physics,
up to $500.)

Royal Melbourne Institute of Technology

1. Materials analysis by high resolution Rutherford scattering and channelling. (Dr J. S. Williams,
Communication and Electronic Engineering, up to $2,000.)

AINSE RESEARCH FELLOWSHIPS

1. A neutron diffraction and magnetic study of atomic order in irradiated, aged and deformed
transition-metal alloys. (Dr E. M. Gray, Physics, Monash University.)

2. Structural chemistry of zeolite catalysts. (Dr T. W. Hambley, Division of Energy Chemistry,
CS1RO, Lucas Heights Research Laboratories.)

3. Alfvcn wave heating of a tokamak plasma. (Dr B. L. Jes.sup, Physics, University of Sydney.)
4. Measurement of atomic collision cross sections relevant to radiation dosimetry. (Dr 1. D. Reid,

Environmental Science, AAEC, Lucas Heights Research Laboratories.)
5. Phonon spectra of superlatticcs. (Dr I. M. Robertson, Metallurgy, University of Newcastle.)
6. The microstructure and surface properties of SYNROC for high level radioactive waste disposal.

(Dr T. J. White, Science, Gr i f f i th University.)

AINSE POST-GRADUATE RESEARCH STUDENTSHIPS

1. The hydrolysis of indium ( I I I ) . (Mr P. L. Brown, Chemistry, University of Wollongong.)
2. Rate l imi t ing mechanisms of pyritic oxidation. (Mr G. B. Davis, Mathematics, Universi ty of

Wollongong.)
3. Radionuclides: Their application in sediment chronology and interaction with food chains

through bcnthic organisms. (Mr T. R. Hamilton, Chemistry, Universi ty of Melbourne.)
4. Soft vibrational modes in solids. (Mr M. A. Irving, Physics, Monash Universi ty.)
5. Acid effects in radiation grafting reactions. (Mr S. V. Jankicwic/., Physical Chemistry, Univer-

sity of New South Wales.)
6. Surface and bulk modification of nuclear waste solids under hydrothermal conditions. (Mr R.

A. Lewis, Science, Gr i f f i t h University.)
7. The radiolytic excitation of aqueous systems. (Mr R. A. Litjens, Physical and Inorganic

Chemistry, University of Western Austral ia .)
8. Uranium and thorium co-ordination and organometallic compounds. (Mr P. 1. MacKinnon,

Chemistry, Monash University.)
9. Distribution of hydrogen in metals. (Mr J. C. Osborn, Physics, Monash University.)

10. Preparation of mercuric iodide room-temperature crystal X-ray detectors. (Mr N. Shoustov,
Physics, University of New South Wales.)

11. Rotamak studies. (Ms J. E. Trowse, Physical Sciences, Flinders Universi ty of South Australia.)
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Appendix G — Functions and Powers of the Commission
ifBB3iiamH«iaBgaaiffiiiKim!fflBiB«sa»»3i«a^̂

Section 17(1) of the Atomic Energy Act prescribes the functions of the Commis-
sion as —

(a) to undertake, or arrange for or encourage other authorities or persons to undertake,
exploration for, and mining and treatment of, uranium and minerals found in associa-
tion with uranium;

(b) to supervise the activities of persons who, in pursuance of contracts with the Com-
monwealth, are exploring for, mining, treating or selling uranium, or minerals found
in association with uranium, and to exercise the rights and powers of the Com-
monwealth under any such contract;

(c) to co-operate with the appropriate authorities of a State in matters associated with —
(i) the discovery and mining in the State of uranium and minerals found in associa-

tion with uranium; or
(ii) the treatment, use or disposal of uranium, or of any such mineral, found in the

State;

(d) to negotiate on behalf of the Commonwealth, or enter into, agreements for the pur-
chase and sale of uranium and minerals found in association with uranium;

(e) to construct and operate plant and equipment for the liberation of atomic energy and
its conversion into other forms of energy;

(f) to sell or otherwise dispose of materials or energy produced as a result of the opera-
tions of the Commission;

(g) to carry out research and investigations in connexion with matters associated with
uranium or atomic energy, or in connexion with such other matters as the Minister
determines;

(h) to arrange for the training of scientific research workers and the establishment and
award of scientific research studentships and fellowships in matters associated with
uranium or atomic energy;

(i) to make grants in aid of research into matters associated with uranium or atomic
energy;

(j) to make arrangements with universities and other institutions or persons for the con-
duct of research into matters associated with uranium or atomic energy;

(k) to collect and distribute information relating to uranium or to atomic energy; and

(1) to publish scientific and technical reports, periodicals and papers in connexion with
the activities of the Commission and other similar activities.

Section 18(1) of the Act empowers the Commission to do all things that are
necessary or convenient to be done for or in connexion with the performance of the
above functions.
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Appendix H — Financial Statements
^^

AUSTRALIAN ATOMIC ENERGY COMMISSION
STATEMENT OF ASSETS AND LIABILITIES AS AT 30 JUNE 1983

Note

CAPITAL ACCUMULATION
Balance transferred from Statement

of Capital Accumulation I

being represented by

CURRENT ASSETS
Cash at bank and in hand
Cash at bank, trust moneys 2
Accounts receivable 3
Investments 4
Stock on hand 5
Prepayments
Interest accrued

LESS CURRENT LIABILITIES
Accounts payable 6
Money held in trust 2
Accrued charges
Provision for recreation leave 7
Provision for long service leave 8

Net Current Assets

NON-CURRENT ASSETS 9
Land
Buildings
Plant and equipment
Reactor HIFAR
Library and films
SYNROC pilot plant

INVESTMENTS
Mary Kathleen Uranium Ltd 10

LESS NON-CURRENT LIABILITIES
Provision for long service leave 8

EXCESS ASSETS OVER LIABILITIES

1982

S
1983
S

39,917,678 39,564,536

878,356
13,440

678,325
20,000

5,469,674
42,794

677

7,103,266

904,728
13,440

294,435
2,081,292
420,265

3,714.160
3,389,106

5,205,601
13,921,979
7,843,976
1,785,151
4,786,328

33,543,035

8.173,858
8,173,858

5,188,321
39,917,678

208,446
1,779

628,268
10,000

j,946,328
130,788

162
1,925,771

963,129
1,779

345,440
2,346,026
_ 651,247
4,307,621
2̂,618,150

5,468,212
14,235,692
7,488,714
2,047,052
4,754,461
270.989

74,265,120

8.173,358
8,173,858

_5,492.592
39,564,536

103



STATEMENT OF CAPITAL ACCUMULATION FOR YEAR ENDED 30 JUNE 1983

1982 Note 1983
$ $ S S

Capital accumulation from
37,754,348 previous years 39,917,678

Adjustment of previous years
510 Accounts receivable 3 —

6,255 Library and films —
(4,893) Stock on hand —

Recreation leave for
9,811 canteen written back —
— 11,683 Canteen capital accumulation .. 10,225 10,225

37,766,031 39,927,903

Add
Parliamentary appropriation

Division 924-2 for Capital
2,564,250 Works and Services 3,029,000

CS1RO contribution to Capital
96.000 2,660.250 Works and Services 12 184,000 3,213,000

40,426,281 43,140,903

Less
Funds transferred to Statement

of Income and Expenditure to
meet expenditure of a non-

106,404 capital nature 11 105,682

40,319,877 43,035,221

Add
Funds transferred from

Income and Expenditure
Statement for acquisition

483,121 of items of a capital nature .. 13 675,673
71,960 555,081 Capital items brought on charge 14 131,750 807,423

40,874,958 43,842,644

Deduct
Net deficit transferred from

Statement of Income and
957,280 Expenditure 4,278,_108

Capital accumulation
transferred to Statement

39,917,678 of Assets and Liabilities 39.564,536
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STATEMENT OF INCOME AND EXPENDITURE FOR YEAR ENDED
30 JUNE 1983

1982 Note 1983
$ S S

INCOME
Parliamentary appropriation —

35,258,500 Division 436-1 Running Expenses 33,348,000

Funds transferred from Statement
of Capital Accumulation for
re-location and co-location
expenditure of a non-capital

106,404 nature 11 105,682
Contribution from CS1RO towards

301,350 cost of site support services 12 2,745,000

35,666,254 36,198,682

Less expenditure on acquisition
483,121 35,183,133 of items of a capital nature . . . . 13 675,673 35,523,009

1,090,953 Grants received in aid of research 16 799,485
Less unspent grant moneys

125,718 965,235 retained 20,347 779,138

1,887,655 Sales — radioisotopes 2,053,153
321,732 2,209,387 — o t h e r 17 238,497 2,291,650

615,283 Dividend from investment 10 4,614,621
12,085 Proceeds on disposal of assets 18 13,571
73,238 Canteen operations —

394,755 Welfare operations 439,082
8,961 Bad debts recovered 6,191

Net change (increase) in value
of Cobalt 60 sources in process

75,077 and work in progress at 30.6.82 —

39,537,1S4 TOTAL INCOME 43,667,262
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1982 Note 1983
$ S S

EXPENDITURE
Administration 1
Salaries and payments in the

2,048,090 nature of salary —
452,619 General expenses —
45,030 2,545,739 Information services —

Regulatory and external relations
Salaries and payments in the

917,447 nature ol" salary
109,248 1,026,695 General expenses

Research
Salaries and payments in the

25,972,234 nature of salary 29,390,612
1,044,571 General expenses 1,222,206

796,398 Power, water and heating 1,368,666
Reactor supplies and special

1,152,696 nuclear materials 1,285,254
1,856,769 Stores 2,310,307
1,646,725 Maintenance and external contracts 19 1,842,894

696,653 AAEC grant s i n aid of research .. 20 650,017
— 33,166,046 Information services 34,777 38,104,733

101,883 Canteen operations —
389,822 Welfare operations 429,477

Expenditure against grants
965,235 received in aid of research 16 779,138
615,283 Dividend from Investment 10 4,614,621

Net change (decrease) in value of
Cobalt 60 sources in process and

— work in progress at 30.6.83 15 125,439

38,810,703 44,053,408

NON-CASH ITEMS i
384,272 Depreciation — Buildings 9 406,349

1,134,232 —Plant and equipment 9 2,185,554
148,763 — Read or H1FAR . . . 9 186 096
278,203 — Library and films .. 9 290,997

1,945,470 3,068,996

Increase (decrease) of
34,098 Recreation leave liability 7 264,734

(299,167) Long service leave l iabi l i ty 8 535,253

Debts, recovery of which is
3,330 1,683,731 considered doubtful 22,979 3,891,962

40,494,434 TOTAL EXPENDITURE 47,945,370

Deficit transferred to Statement of
957,280 Capital Accumulation 1 4,278,108
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NOTES TO AND FORMING PART OF THE FINANCIAL STATEMENTS

INDEX
Note

Number
Summary of significant accounting policies 1

Moneys held in trust 2

Accounts receivable 3

Investments 4

Stock on hand 5

Accounts payable 6

Provision for recreation leave 7

Provision for long service leave 8

Non-current assets 9

Mary Kathleen Uranium Limited 10

Funds transferred to Statement of Income and Expenditure
to meet expenditure of a non-capital nature 11

Contribution from Commonwealth Scientific and
industrial Research Organization 12

Funds transferred from Statement of Income and Expenditure
for acquisition of items of a capital nature 13

Capital items brought on charge 14

Change (decrease) in value of Cobalt 60 sources in
process and work in progress at 30 June 1983 15

Grants received in aid of research 16

Sales — other 17

Proceeds from disposal of assets 18

Maintenance and external contracts 19

AAEC grants in aid of research 20
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1. Summary of significant accounting policies

Except for stores and certain uranium and commercial products stock which is at valuation, the ac-
counts are prepared in accordance with the historical cost convention. The accounting policies adopted
are consistent with those of the previous year except that:

(i) following the closure of the Head Office at Coogceand relocation of staff, expenditure formerly
disclosed against the headings Administration and Regulatory and External Relations in the
Statement of Income and Expenditure is now included under the heading Research; and

(li) the Statement of Income and Expenditure makes no allowance for an adjustment to the
Parliamentary Appropriation for unspent or accrued appropriation. This policy has been
changed to allow a financial year's expenses to be matched with that year's income. Comparative
figures have been adjusted to reflect this change. The effect of the policy change is to increase the
deficit transferred to the Statement of Capital Accumulation by 5386,146 (a decrease of
$726,451 in 1981-82).

(a) The Commission is funded predominantly by Parliamentary Appropriation to meet proposed ex-
penditure in the current financial year. The deficit, which results from preparing accounts on an accrual
basis, is in the main due to inclusion in the expenditure for the year of non-cash items, depreciation and
change in liability for recreation leave and long service leave.

(b) The Commission contributes to the Commonwealth employer superannuation scheme in accord-
ance with Section 159 of the Superannuation Act 1976 and meets its liability on an accruing cost basis.
The rates of contribution were set by the Australian Government Actuary. An amount of 53,751,754 was
contributed during 1982-83 and is included as expenditure in the Statement of Income and Expenditure
under the heading Salaries and payments in the nature of salary.

(c) With the exception of stores, certain uranium and commercial products stock detailed below, all
inventories are valued at the lower of cost and net realisable value.

The Australian Accounting Standard 2 is not met with respect to the valuation of stores stock on
hand which is valued on the basis of most recent purchase price. Stores stock is not priced on a continual
basis and no facility is available to value stock on hand at respective purchase prices.

Inventories of enriched, natural and depleted uranium, which were in existence when the Commis-
sion commenced accrual accounting (1979), are disclosed respectively at the lowest market value since
that date wi th purchases since disclosed at cost. These inventories were unt i l 1980 maintained by physical
inventory only and acquisition costs are not available. The lowest market valuation basis was selected
after considering the requirements of Australian Accounting Standard 2.

(d) The policy of non-capitalisation of expenditure relative to the development and registration of
patents has continued during 1982-83. At 30 June 1983, a total of 79 patents were registered to the Com-
mission. Due to the current rate of technological change, the commercial value of these is uncertain and
they are not included in the Statement of Assets and Liabilities.

(e) The Australian Atomic Energy Commission and the University of New South Wales are involved
in a joint enterprise known as the Australian School of Nuclear Technology, details of which are not in-
cluded in these accounts. The objects of the School are to promote, within the policies and budget ap-
proved by the Commission and the University of New South Wales, the formal training of personnel in
the field of atomic energy. Both parties provide assistance to the School at no charge and the Commission
makes available on this basis executive personnel for the administration of the School.

(0 With the exception of the contingent liability for yet to accrue long service leave entitlements,
reference to which is included in Note 8, the Commission has no contingent liabilities.

(g) Assets disposed of or transferred out are fully depreciated in the year of disposal or transfer.
Proceeds received on disposal are brought to account in the Statement of Income and Expenditure.
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2. Moneys held in trust

The major component within this item relates to security deposits from contractors pending satisfac-
tory performance of a contractual liability.

3. Accounts receivable
S

Sundry debtors 660,792
Less provision for doubtful debts 32, -•!

628,268

The major component within the item sundry debtors relates to the sale of radiopharmaceuticals.

4. Investments

Excess Welfare funds are invested in Australian Savings Bonds to provide a short-term investment.

5. Slock on hand

The valuation policy adopted in respect of the following components of this item is set out in note
l(c):

$ $
Stores 1,138,636
Nuclear Materials

H1FAR fuel elements, heavy water and other 2,590,087
Enriched, natural , depleted and other uranium 1,533,703 4,123,790

Commercial products stock
— includes Cobalt 60 sources in process (at market value)

which is substantially below production cost 632,877
Pitchblende ore exhibit 9,637
Work in progress 1' >400
Welfare trading stock 29,988

5,946,328

6. Accounts payable

This item comprises the following categories:
$

AAEC trade creditors 942,774
Unspent balance of grants received in aid of research 20,347
Welfare accounts 8

963,129

7. Provision for recreation leave

The provision for recreation leave at 30 June 1983 reflects the liability for recreation leave
($2,148,475 — actual) and leave loading ($197,551) entitlement at that dale. The payment of recreation
leave and leave loading entitlement is funded by Parliamentary Appropriation and is included as expen-
diture under the heading salaries and payments in the nature of salary in the Statement of Income and
Expenditure. The difference between the calculated l iabil i ty at 30 June 1982 and 30 June 1983 is brought
to account as a non-cash item in the Statement of Income and Expenditure.

8. Provision for long service leave

The provision for long service leave has been determined on the basis of the actual liability for this
item at 30 June 1983. Entitlements arising from the application of the provision of the Long Service
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Leave (Commonwealth Employees) Act 1976 have been calculated at the appropriate salary rate as at 30
June 1983.

The June 1983 current l iabi l i ty component was calculated on the basis of the average demand pattern
over the past three years.

The contingent or yet to accrue liability for long service leave has been calculated at $605,918 on the
basis of

(i) The pro-rata yet to accrue entitlement of all s taff with less than 10 years recognised service;
and

(ii) Probability factors provided by the Office of the Australian Government Actuary.

Similar to recreation leave, payments of long service leave are funded by Parliamentary Appropria-
tion on an as required basis and are included as expenditure under the heading salaries and payments in
the nature of salary in the Statement of Income and Expenditure.

9. Non-current assets

The following table sets out the depreciation provisions as at 30 June 1983:

Asset

Buildinus
ADD
Additions

Plant and equipment
ADD
Additions

LESS
Disposals

Reactor H1FAR
ADD
Additions

Library and f i lms
ADD
Additions

Cost
30.6.82

$
20,716,177

720,062

18,154,359

1,830,292

19,984,651

3,468,490

4,715,238

447,997

5 588 666

259 130

Cost
30.6.83

S

21,436,239

16,516,161

5,163,235

5,847,796

Depreciation
Provision
30.6.83

$

7,200,547

9,027,447

3,116,183

1,093 335

Net
Value
30.6.83

S

14,235,692

7,488,714

2,047,052

4,754,461

Land

Land is disclosed at cost. The expenditure on site services for 1982-83 was $262,611 and this has been
included in the value of land.

Buildings

Buildings are disclosed at cost and have been depreciated on the basis of their useful life from the
date of completion'of each building. Current year additions have been charged with a full year's deprecia-
tion.

Plant and equipment

Plant and equipment is disclosed at cost and has been depreciated on the basis of the estimated useful
life of individual plant items. Assets disposed of or transferred out are ful ly depreciated in the year of
disposal or transfer.
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Plant and equipment items disposed of or transferred out comprised:
$

(i) Disposal 277,209
(ii) I tems with a value between $250 and $500 which are no longer classified as

non-current assets in accordance with the Commission's accounting pro-
cedures and 1,359,743

(Hi) Consistent with the transfer of responsibility of non-nuclear activities 1306
items located in CSIRO occupied or controlled areas were transferred to tha t
organisation 1,831,538

3,468.490

Reactor H1FAR

The reactor HIFAR is disclosed at cost and is depreciated on the basis of an assumed life to 1994.

Library and films

When accrual accounting was commenced in 1978-79, stocks of library and films were valued at the
estimated replacement cost and all purchases since then have been included at cost. Items received at no
cost during 1982-83 have been brought to account at replacement cost values at 30 June 1979.

SYNROC pilot plant

In 1982-83 the Commission commenced construction of a non-radioactive pilot plant to demonstrate
the fabrication process for SYNROC as a medium for the immobilisation and disposal of high-level
waste. An amount of $270,989 was spent on the project during the year.

10. Mary Kathleen Uranium Limited

The Commission holds 30,764,142 Mary Kathleen Uranium Limited shares ful ly paid to 25c. The
asset is shown at net cost because the size of the respective holdings of both Conzinc Rio t in to of Australia
Limited and the Commission tend to make the market value uncertain. The Melbourne Stock Exchange
last sale price at 30 June 1983 was 45c.

A dividend of 15c per share was declared in 1982-83 and an amount of $4,614,621 paid to the Depart-
ment of Resources and Energy.

A further dividend payment and partial capital return are expected during 1983-84.

11. Funds transferred from Statement of Income and Expenditure to meet expenditure of a non-capital
nature

During 1982-83 an amount of $105,682 was expended on CSIRO co-location costs of a non-capital
nature. Funds for this purpose were included in the appropriation for capital works and services and the
amount of $105,682 was transferred to the Statement of Income and Expenditure through the Statement
of Capital Accumulation.

12. Contribution from Commonwealth Scientific and Industrial Research Organization

In accordance with arrangements determined for CSIRO co-location at the Lucas Heights Research
Laboratories, the Commission received from CSIRO in 1982-83 an amount of $2,929,000 as contribution
to common site services ($2,745,000) and capital works ($184,000).
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13. Funds transferred from Statement of Income and Expenditure for acquisition of items of a capital
nature

Certain items of expenditure funded in 1982-83 by Parliamentary Appropriation under the heading
Running Expenses have been capitalised and are detailed hereunder:

$
Library acquisitions 226,921
H1FAR refurbishing 444,234
Plant and equipment 4,518

675,673

This expenditure has been transferred to the Statement of Assets and Liabilities through the State-
ment of Capital Accumulation.

14. Capital items brought on charge

This item comprises:
S

Library reports acquired and Commission reports produced 32,209
Plant items acquired through collaborative agreements 16,730
Commercial products and other stock taken up for first time 71,445
Reinstated and research manufactured items brought on charge 11,366

131,750

15. Change (decrease) in value of Cobalt 60 sources in process and work in progress at 30 June 1983

(a) Cobalt
Cobalt 60 sources in process and Cobalt 60 telethcrapy sources in process are manufactured in the

reactor HIFAR by irradiation over an extended period. During 1982-83 the market value of these
decreased by $124,453.

(b) Work in progress

Work in progress is valued on the basis of recoverable labour rates. The actual cost of work in pro-
gress is included in expenditure disclosed in the Statement of Income and Expenditure.

16. Grants received in aid of research

During 1982-83 the Commission expended a total of $779,138 from a total amount of $799,485
received through 13 grants in aid of research. The balance of unspent moneys is included as a sundry
creditor (note 6 refers).

17. Sales — othei

The major items under this heading are:
$

Miscellaneous services 126,542
Isotope consultancies 25,305
Environmental surveys 15,844

18. Proceeds from disposal of assets

Assets sent for disposal are fully depreciated. Income brought to account under this heading
represents the proceeds received as a result of disposal, $13,571.
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19. Maintenance and external contracts

This item includes:
S

Maintenance of grounds and buildings 412,615
Computer hire 912,914
Service agreements, period contracts, design

and development contracts, and HI FAR upgrading 517,365

1,842,894

20. AAEC grants in aid of research

During 1982-83 research grants were made to Australian Insti tute of Nuclear Science and Engineer-
ing

« «;^ j>

— membership subscription 180,000
— contribution to research and training 400,000 580,000

Australian Universities 38,137
Australian Mineral Development Laboratories 31,880

650,017

It is our opinion that the above Statements of Assets and Liabilities, Capital Accumulation and
Income and Expenditure have been properly drawn up so as to give a true and fair view of the state of
affairs as at 30 June 1983, and the results for the year ended on that date, of the Commission.

M. H. BRENNAN W. H. RATCLIFF
Chairman Secretary/Manager Administrat ion

Australian Atomic Energy Australian Atomic Energy
Commission Commission
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Appendix I — Auditor-General's Report, Commonwealth of
Australia

[jpaLMfflĵ OiSiî Mjî ^

Auditor-General's Office
Canberra House, Marcus Clarke St.,

Canberra City, A.C.T. 2601
14 October 1983

The Honourable the Minister for
Resources and Energy

Parliament House
CANBERRA ACT 2600

Dear Sir

AUSTRALIAN ATOMIC ENERGY COMMISSION

Pursuant to sub-section 31(2) of the Atomic Energy Act 1953, the Australian
Atomic Energy Commission has submitted for my report its financial statements for
the year ended 30 June 1983. These comprise a Statement of Income and Expen-
diture, Statement of Capital Accumulation, Statement of Assets and Liabilities and
accompanying 'Notes to and forming part of the Financial Statements'.

The financial statements have been prepared having regard to the policies outlined
in Note 1 and are in the form approved by the Minister for Finance under sub-
section 31(1) of the Act. A copy of the financial statements and accompanying Notes
is attached for .your information.

In accordance with sub-section 31(2) of the Act, I now report that the statements
are in agreement with the accounts and records of the Commission and, in my
opinion:

(a) the statements are based on proper accounts and records, and

(b) the receipt, expenditure and investment of moneys and the acquisition and
disposal of assets by the Commission during the year have been in accordance
with the Act, except to the extent that moneys were expended by the Commis-
sion between 1 July 1982 and 24 November 1982 without prior approval of
the Minister to the estimates of expenditure as required by sub-section 30A(2)
of the Act.

Yours fa i thful ly

(B. T. KIMBALL)
Acting First Assistant Auditor-General
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